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PREFACE. 



A CCORDING to a promise made in the preface to the first series of these lectures, 
and also to many private correspondents, this volume is now issued. 

The Author's aim is not to preach any new doctrine but to deal with details of 
every-day practice, many of which are not thought of by most writers on plumbing, 
or are considered as being too small and trivial to be worth consideration. The 
successful man is the one who studies details, and it is the attention paid to small 
matters that either makes or mars a job in plumbers' work. 

Being a good lead-bosser or a good joint-wiper is not nearly sufficient Many such 
men make serious mistakes owing to their lack of knowledge of first principles. Quite 
recently a large college was inspected and a report made by the Author as to the sanitary 
conditions. Amongst the many defects discovered were about twelve wash-basins with 
the overflow pipes connected to the waste pipes on the wrong sides of the trap6 ; and 
yet the joints and the bends in the pipes were made as well as they possibly could be. 

It is not necessary to here dwell upon other such mistakes made in the execution 
of plumbers' work, as numbers of cases are referred to in the following pages. 

These lectures are based principally on practical experiences gained during a fairly 
long and busy lifetime, and have been given from time to time to learners whose ages 
have varied from 15 to 50. There are many plumbers who have little or no opportunity 
to make themselves perfect in the technicalities of their trade, and it is hoped that such 
men will benefit by the perusal of these pages. 

It may be mentioned that these lectures appeared in the Plumber and Decorator from 
1892 to 1896. 

J. WRIGHT CLARKE. 
London, October, 1903. 
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WATER-CLOSET APPARATUS. 



WE have now arrived at another branch of 
our subject, which, if considered in all its 
bearings, would require more time than is at our 
disposal In addition to the great variety of 
apparatus, we, as plumbers, have to deal with, we 
are hemmed in on all sides by the whims and 
fads, not of engineers, but "so-called" 
engineers and laymen of all kinds. One will 
advise some special kind of w.c, another man 
will condemn the same fitting as being objec- 
tionable. At times it becomes quite wearisome, 
because of the taunts of clients who, when you 
advise a change in an apparatus, think yon do 
so for the sake of injuring a rival tradesman or 
of using some other makers goods because of a 
probable profit or advantage to the adviser. 

With most people a w.c is only a w.c, and 
nothing more. They cannot discriminate be- 
tween a good and a bad kind. A nice-looking, 
decorated basin is everything in the eyes of 
some people, while others object to anything that 
may hide dirt or stains. Some clients appear to 
think that the basin is all that requires con- 
sideration; that there is some charm or hidden 
mystery by which the contents are emptied into 
the sewer or cesspool, which may perhaps be 
a hundred yards away. A ray ot light may some- 
times betray to their ignorant minds that it is 
really necessary to have a water- flushing arrange- 
ment attached to the basin to wash the contents 
away, but think that any small dribble is suffi- 
cient for the purpose. In some cases, what 
appears to be a fairly good flush to a w.c, is 
really totally inadequate. The flush may drive 
the paper, &c , out of the basin, but that is not 
sufficient. The trap, soil-pipe, and drains 
require to be flushed as much as the w.c basins, 
but few people think of this. The thorough plum- 
ber or sanitary engineer, gives these matters the 
necessary consideration, but out of the large 
army of people who pose as experts very few 
know anything at all about the matter. We 
will now consider a few kinds of w.c's to illus- 
trate the meaning of the foregoing remarks. 



Fig. 450 is what is known as a common 
"long-hopper." This basin has been condemned 
by all engineers of repute for several years past, 
and yet thousands are found to be fixed. Judg- 
ing by the numbers that can be seen in the 
stock of almost any maker of sanitary waie, it 
may safely be assumed that many more will 
be fixed in future years. If these basins are 
being fixed, somebody must be advising their 
use. But why are they objectionable? In the 
first place, because of the large internal area of 




the basin; secondly, because of the shape, 
this basin is invariably found to be fouled 
down the back side ; thirdly, because of the 
difficulty of flushing it clean. The flushing 
water enters at the side in such a way that it 
whirls round the basin, but does not exercise 
any scouring force on the sides. If the water 
is allowed to run for a short time, say from half 
to one minute, the speed at which it whirls 
round the basin increases to such an extent 
that it will frequently splash over the top onto 
the floor. The vortex formed by the water will 
act on the contents of the trap and cause them 

B 
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to spin round, but will entirely fail to drive 
them through into the drain. In some cases 
the writer has flushed a basin of this description, 
by the ordinary methods, more than a 
dozen times, and yet found the paper left in 
the trap. A pailful of water thrown down a 
w.c of this kind will flush it much better than 
20 or 30 gals, coming in at the side through 
the flushing arm. 

A, Fig. 451, is another w.c that has been 
condemned, lectured against, and written about 
in such a way that one would have thought it 
would never have been seen again, excepting in 
a museum of curios. This w.c. is still being 
made, sold, and fixed in large numbers, and it 
is dying a very hard death indeed. Some little 
excuse can be made for those who use them in 
ignorance of their unsanitary principles, but it is 
difficult to understand why those who have that 
information should persist in recommending 
them. As an example of this, one of my own 
students who attended a course of lectures and 
succeeded in passing his examination in a very 
creditable manner, afterwards started in business 
for himself and gave me his card, when I was 
horror-struck to find a closet as shown at A, 
Fig. 451, beautifully illustrated upon it I find 
large numbers of old school plumbers who still 
maintain that the pan closet is the best of all 
kinds. Some of these old men are very difficult 
to deal with. Being old means that they have 
had a long experience. Of a kind, it is true; 
but those old men are very often listened to by 
clients in preference to the men of to-day, 
especially when the clients belong to the old 
school too. It is easy to understand why the 
pan w.c is liked by some. When out of order 
it is easily taken up, " burnt out," as it is called, 
re- japanned, fitted with a new copper pan, and 
the brasswork re-lacquered, when it has the 
appearance of a new apparatus. The old 
plumber likes it because it gives him a job 
now and then, and the old client likes it 
because it looks likes a new one when done. 
Further than that, a pan closet does stand 
a lot of hard wear. But if the cost of keeping 
it in repair is considered, it will be found 
one of the most expensive that is used. Most 
of them are flushed by means of " service- 
boxes and valves " fixed in cisterns and worked 
by means of cranks and wires. This method 
of flushing is now found principally in country 
mansions, and has an advantage where the 
houses are not heated by hot water or other 
apparatus, in that the service-pipe to the w.c. is 
always empty, so that frost bursts are almost 
unknown in that pipe. But there are very few 
of these w.c's that do not require the plumber 
to either repair broken wires, or shorten those 
that have stretched to such an extent that they 
will not open the valves in the cistern, several 
times during the year. I frequently find that 
the "house carpenter* looks to these wires, 
and thus keeps them in order, so that really a 
gentleman does not always know what it costs 
him for repairs to the w.c's. Where pan 




Digitized by 



Google 



WATER-CLOSET APPARATUS. 



closets are fixed, one rarely finds a properly con- 
structed slop-sink, but the abominable dirty 
state of the container, and floor beneath, shows 
where the bedroom slops are emptied. In these 
cases, the undersides of the seats are almost 
invariably found to be saturated with filth. 

Why is the pan closet condemned as being 
unsanitary? If any one cares to take the 
trouble to measure the inside of the large iron 
chamber, known as the container, the inside 
and outside of the copper pan, and the surfaces 
of the basin that are immersed in the pan, he 
will find that in all there is about 5 ft. superficial 
of fouled surfaces, and these are not simply 
dirty but are thickly coated with fur. This fur 
will sometimes accumulate to such an extent 
that when the w.c. handle is dropped and 
the copper pan is raised to its ordinary position, 
it will lift the basin off its seating on the con- 
tainer. It is not at all uncommon to find the 
copper pan so heavily coated that extra heavy 
weights have to be added to the lever, which 
acts on the "tumbler," to keep the pan from 
dropping down and raising the w.c. handle. 
This fui matter is mostly composed of the salts 
of urine which crystallise on the surfaces of the 
w.c fittings with which it comes into contact* 
The stench from this matter is very objection* 
able, and can always be noticed when the w.c. 
handle is raised. The falling water from the 
basin displaces the air, which is charged with 
the gases from the fouled surfaces in addition 
to those which escape from the contents of the 
trap, usually a D trap, when stirred up, from 
inside the container into the apartment, and it 
needs no explanation to prove that th«s air is 
totally unfit for respiration. There is scarcely 
a reader of these lines who has not, at some 
time or other, noticed these smells, and can 
bear testimony to the abominable stench that 
an old pan apparatus gives off. Experienced 
plumbers have been heard to say that they 
could go blindfolded into a closet and tell, by 
the smells alone, if an apparatus of this 
description was fixed in it. 

From time to time a great deal of ingenuity 
has been expended in efforts to improve the 
pan w.c, but it has all been wasted. One 
maker substituted earthenware for the iron con- 
tainer, as being more cleanly. A sparge pipe 
has been fixed inside, so that the container was 
flushed at the same time as the basin. The 
whole apparatus has been made of earthenware 
and so fitted up that an ordinary servant could 
take it to pieces, scald, clean and refix it. A 
ventilation pipe has been fitted for the air, 
inside the container, to be driven out of doors 
when the handle was raised. Two ventilation 
pipes have been fixed so that a current of air 
could circulate through the container. In these 
cases the old adage of "prevention is better 
than cure " has been entirely lost sight of. No 
effort whatever was made to prevent the fouling 
of the apparatus. The only object of each 
person has been to reduce the effects of the 
evils and not the evils themselves. And these 



remarks apply to a great many other details in 
the construction of sanitary fittings. 

Cases have been found where a ventilation 
pipe has been fixed from the top of the con- 
tainer to the soil pipe ventilator. Such a pipe 
would act as a bye-pass and let drain air 
escape into the container, where it could pass 
through an ill-fitting joint round the tumbler 
axle, or through the basin when the w.c 
handle was raised. Wherever a pan apparatus 
is fixed a great many other defects are generally 
found. Fig. 451 is an example, showing a few 
of the commonest. The closet is frequently 
fitted in a position with rooms at the side and 
above. The partitions are often found to be 
defective beneath the wc enclosure, so that 
smells can pass through. The ceiling is 
generally found to be defective, especially over 
the cistern. Arrows in the sketch show how 
smells can pass into a room at the side, and 
also into one above. The careful housewife finds 
a nice cool closet, on the floor below, in which to 
keep her stores, never for a moment thinking 
that a defect in the fitting above, or one in the 
soil pipe, which passes through the store 
closet, or one in the drain beneath the pave- 
ment, could do any harm. For ventilating the 
water-closet a small window, about 9 in. or 10 in. 
square, is sometimes found placed in such a 
position that the place is always in a state of 
semi-darkness, even when the sun is shining 
brightly outside. The lower portion of the lead 
soil pipe sometimes gets so bruised and 
battered that it has to be renewed. As iron will 
resist being bruised better than lead, a length 
of iron pipe is fixed, as shown at C in the 
figure. The joint between the lead and the iron 
is always a difficult task to make secure, and 
darts show an effect which is not at all uncom- 
mon. Whenever a pan apparatus is found it is 
usual to suspect that the D trap, D, is beneath 
it. Whenever a leaden safe is fixed under the 
w.c the waste, E, from it will be found to be 
connected to the D trap. Puffs of air are 
driven out of this pipe whenever the w.c. 
handle is raised, and sometimes a portion of the 
contents of the trap rushes up the pipe and lays 
in the safe. In very old places the end of the 
safe waste pipe is found to be entirely furred up 
inside the trap. In these cases the safe is no 
protection, if an overflow from the w.c takes 
place, to anything which may be beneath. 

The apparatus is flushed by means of a valve 
and service box, B, in the figure, fixed in a 
cistern, J, immediately over it. This cistern 
has the front removed so as to show the inside. 
The pipe, F, from the cistern to the w.c is 
always empty, when not in use, so that smells 
can pass into the cistern and through the defec- 
tive flooring above. The waste pipe, G, from 
the cistern is generally found to be connected 
to the trap, and each time the w.c handle is 
raised a puff of bad air is expelled from the 
open end of the standing pipe into the cistern. 
In after years the end of the pipe becomes 
furred up in the trap, and cisterns innumerable 
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have been known to overflow and do damage 
because of this. The reader can readily under- 
stand that the water in the cistern, exposed as 
it is to contamination from the air in the closet, 
in addition to what escapes from the apparatus 
and waste pipe, is not what would be selected 
for drinking purposes. But it is usual to find a 
small tap, as shown in the figure at H, fixed in 
the closet for filling toilet bottles. As an appren- 
tice, and in his younger journeyman days, the 
writer has fixed, and helped to fix, large num- 
bers of w.c's as illustrated by Fig. 451. At 
that time high class architects used to specify 
"pan" w.cVs and "D" traps in most of their 
work. Light and ventilation were never, or 
rarely, considered, and neither was any import- 
ance attached to the evils of w.c. smells passing 
into other rooms, or into drinking water 
cisterns. Nowadays, it is usual to condemn 
plumbers for all work done in an unsanitary 
manner, but the public ought to be reminded 
that there are others who are equally to blame. 
Years ago, all sections of people who had any- 
thing to do with sanitary work exercised them- 
selves to the best advantage with the know- 
ledge and materials at their command, and we 
ought not to be too severe in our condemnation 
of them. We can give them credit for what 
they did, and remember that the experience we 
have has been partially bought and paid for by 
our predecessors. Those who follow us will 
profit and gain advantage from our experiences, 
and probably they may look back upon us as 
being as ignorant as we now think our forefathers 
were. A great many years will pass before this 
takes place, and first of all we must get rid of 
believers in the " long hopper " pnd " pan " 
closet. 

If the reader refers to Fig. 267, in an earlier 
lecture, he will see an old-fashioned w.c basin 
with a trapped arrangement at the bottom. It 
is scarcely necessary to say that a basin of this 
shape, the absence of any flushing rim, the 
unsuitability of the trap, added to the difficulty 
of making the connection to the drain, renders 
the whole fitting unsatisfactory. 

Another unsatisfactory kind of w.c basin 
known as the " Wash-out, 11 is shown by Fig. 
452. In my book — "Plumbing Practice," I say: 
"This kind of water-closet is manufactured 
almost without exception, by every English 
maker of w.c's, and at the present time is the 
most popular closet of the day, being sold and 
fixed in thousands. This is rather strange; as 
amongst the hundreds that the writer has seen 
in use, scarcely any were found to be clean in 
their action, or could be kept so without the 
daily use of a brush. The water in the hollow 
is not deep enough for the faeces to be immersed 
in, and the stains left after being used are, in 
some cases, as bad as if the basin had been 
quite dry before using. 11 This, although written 
five years ago, is the writer's opinion to this 
day. The first he ever saw was fixed in a 
house in the City of London, a great many 
years ago, and had the name of a Scotch firm 



upon it. He afterwards found what was 
generally known as the ** Monkey-closet," be- 
ing fixed in a great many places. This fell 
away to a considerable extent; and it has been 
stated that the inventor himself condemned 
their use some time before he died. An im- 
proved kind of basin known as the "Water 
Battery," was afterwards made, and the inventor 
of that said that he much preferred another kind, 




owing to the trouble of thoroughly flushing the 
contents through the trap. Patents innumerable 
have since then been taken out for what is really 
the same kind of basin, so far as its action goes, 
although the shape has been varied, fancy names 
given to it, and the exteriors highly decorated. 
This fitting is a proof that whenever the public 
"catch on" to anything, they insist upon 
having it in spite of any drawbacks it may have. 
Another disadvantage is the disgusting appear- 
ance it presents when a careless person has 
omitted to flush the basin after using. When 
used by women, the hollow of the basin is 




nearly always stained, and in some cases, quite 
as offensive as men's urinals. 

Fig. 453, when looked at as a w.c only, is 
much superior to the last one described. 

Fig. 454, is of the same kind, but this one is 
arranged to stand without an enclosure, the 
basin and trap being made in one piece, of 
white- or stone-ware, or fireclay, the latter 
material being found to resist fracture from 
frost better than the others. The principal 
drawback to this basin is the small area of the 
surface of the water in the trap. A great many 
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makers have succeeded in increasing this in 
size, and at the same time forcing all deposit 
through the trap by means of an ordinary water 
flush. This type of w.c. is made by some 
manufacturers with a lead trap, instead of 
ware. The advantages of this will be explained 
when we deal with the joints of this kind of 
w.c. to soil-pipes and drains. 

Another large firm of sanitary engineers have 
patented a w.c. of the foregoing description, 
which is fixed to the back wall, and a space left 
between the trap and the floor, so that the latter 
can be washed and cleansed. From a sanitary 
point of view, this, so far as the type of w.c is 
concerned, mav be considered as being nearly 




perfection. The basins that have been described 
and shown by Figs. 453 and 454, are known as 
the " Washdown " kind, and have flushing rims 
to them. That is, hollow rims with perfora- 
tions on the under sides are fixed round the top 
edges of the basins. Water streams down from 
the rim all round the inside of the basin, and 
the streams meeting in the centre, literally push 
all floating matters through the trap. It has 
been found to be an advantage to increase the 
area of the exposed water surface in the trap 
and to supplement the cleansing power of the 
flushing rim by means of a jet of water being 
made to play onto floating matters. Fig. 
455, is a sketch showing this kind of w.c. in 
section. The successful working of this fitting 
depends upon a liberal water flush and the 
position of the jet 

Figs. 452-3-4 and 5 are sometimes called 
"pedestal" closets, and before dealing with 
another kind we will dwell upon a few points 
that are common to all of them. In the first 
place, all the traps are above the floor line, so 
that they are exposed to atmospheric influences. 
This is, in some cases, a serious evil. In cold 
situations the water will become frozen, thus 
rendering the w.c useless for the time being. 
Hundreds of traps are broken every winter by 
the frost, so that on the water thawing it will 
leak out of the trap and drain air escape out of 
the fracture. This is a common experience of 
the writer's, and doubtless is also that of a 
great many readers. The remedy for this is to 
protect the fitting from frost and, if possible, 
use some material for the basins and traps that 



will resist being broken by that influence. 
Where w.c's are fixed in a wing of house that 
is not often used, or in houses occupied only a 
portion of the year, the traps being above the 
floor line, as above mentioned, they have been 
found quite empty, excepting for cobwebs, 
owing to the evaporation of the water. These 
experiences show that, under given conditions, 
any of the above w.c's are very unsuitable. 

In the second place, when any of the w.c's 
under consideration are fixed upstairs, or so far 
above the drain that a soil pipe has to be used 
to connect the basin to the dram, there is some 
difficulty in making the joint between the trap 
and soil pipe. This joint has exercised the 
minds of plumbers and sanitary engineers for 
several years past, and it is an open question if 
the problem is yet solved how to make one that 
is reliable. To approach the question methodi- 
cally, we ought first to ask ourselves, " What is 
it we want to do r* On the face it seems simple 
enough to make such a joint, but one that shall 
be lasting is the difficulty. This difficulty 
chiefly arises when two different kinds of 
materials have to be joined. Earthenware to 
earthenware, iron to iron, and lead to lead are 
easy enough. But with earthenware to lead, or 




earthenware to iron it is not so easy. It may be 
accepted as an axiom that to make a secure 
joint the materials to be joined and the material 
used for making the joint should, as far as pos- 
sible, approach each other in their physical 
properties. The common way for jointing the 
outgo of an earthenware trap to a leaden soil 
pipe is to loosely socket the outlet end of the 
former into the end of the latter, and then fill 
the annular space with red lead cement 
Dealing with expansion and contraction first. 
The three materials named above do not ex- 
pand and contract equally. The leaden pipe 
will expand the most, and in so doing will leave 
a space between the inside of the lead socket 
and the cement. It may be urged that the 
above named forces have nothing to do with the 
matter, but they have a great deal to do with it 
W.c's are often used as slop shoots, and these 
slops are often heated, or mixed with hot or 
warm water, and it is a well known fact that 
even one degree variation of temperature has 
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an influence on all solid substances. If we 
assume that no warm water is ever thrown 
down a w.c. we still have atmospheric changes 
to deal with. In an earlier lecture it was 
pointed out that all metals when exposed to 
such influences may be said to be in constant 
motion, and are never still even for a few 
seconds at a time. The motion may be too 
small at times to be measured, but there is the 
motion all the same. This would be of little or 
no importance if the materials used for jointing 
were flexible and would allow for a small 
amount of movement in the pipes without break- 
ing. But the cement generally used, which is a 
compound of red lead, white lead, and linseed 
or other vegetable oil, alter a time becomes very 
hard and brittle, so that the least movement 
will cause it to crack. When the cement is 
made of materials which are much adulterated, 
and this is nearly always so, it will sometimes 
crumble to a powder after it has been used for 
a few years, and the joint is then far from being 
a good one. If we were to assume that this 
kind of joint is a good one when well made, we 
rarely find them so. To properly make them, 
the parts to be joined must be properly pre- 




pared. 1 he outlet of the trap should be painted 
a few days beforehand, otherwise the cement 
will not "key" to the glazed surface. The in- 
side of the end of the lead pipe should also be 
painted for the same reason. This end should 
also be opened properly, and a socket made as 
shown by Fig. 456. The annular space, A, 
should be equal all round, and not less than 
Jin. wide. Generally speaking, we find the 
fitting of the pipe to the trap so carelessly done 
that one side has an opening of considerable 
size, and the other side is so close to the 
earthenware that it is impossible to get any 
cement in. The outer edge of the lead socket 
should have a bead worked on it at B to 
strengthen it, and thus make it better able to 
resist being distorted if a tool is used for caulk- 
ing. The bottom of the lead socket should be 
made to fit the end of the trap, as shown at C 
in the figure, to prevent the cement squeezing 
through, and the bore of the pipe and trap 
should be equal and continuous. Fig. 457 is 
drawn to give some idea of the ordinary and 
slovenly way of making this joint, and at D a 
space in which w.c. matters can lodge, if it has 
not already been filled up with cement A 
further difficulty presents itself when making 
this joint if the outgo of the trap is not perfectly 



round. When this is not the case the socket 
should be bossed to fit An equal thickness of 
cement could then be left all round, and thus 
avoid any injury to the soundness of the joint 
by unequal expansion or shrinkage of the 
cementing material. 

Another and slovenly way of making this 
joint is to daub some cement outside, cover it 
with a piece of coarse canvas, and tie it up with 
string, the whole presenting the appearance of 
a large poultice when finished. In addition to 
the evils prestated, there is not only the vibration 
of the floor on which the basin stands, caused 
by any users, but the movement of the basin 
itself, by the percussion of the water on enter- 
ing or by the pressure of the seat when in con- 
tact with the basin. Some of the pedestal 
w.c's have to support from one to two cwt. at 
times, and if the floor on which they stand is 
not very firm, a great strain is brought to bear 
on the joints on the outlets of the traps. Hence 
the advisability of, in some cases, fixing iron 
brackets for supporting the seat independently 
of the basin. Failing this, the joint should be 
made so elastic that any slight movement will 
not injure or break it. In conclusion, it only 
remains to be said that this kind of joint, even 
when well made, cannot be accepted as being a 
reliable one under all conditions. 

Amongst the rest of the improvements that 
have been made in the jointing between earthen- 
ware traps and leaden soil-pipes is one in which 
a brass socket is soldered onto the pipe. If the 
reader refers again to Fig 456, and assumes 
that the socket is made of brass and is soldered 
onto the lead-pipe, as shown by dotted lines, he 
will understand this. The annular space is 
partly filled with asbestos, or other suitable 
material, well caulked, and then flushed up 
with Portland cement. This joint is considered 
to be a very good one by some engineers, but 
it is an open question if its rigidity is not rather 
a drawback. Some little time ago a case came 
under the writer's notice where the w.c. traps 
were broken owing to the connection to the 
soil-pipe being inflexible. These joints were 
not quite like those above described, but similar, 
in so far that they could not move. The basins 
stood on concrete floors, and the joints to the 
branch soil-pipes, which were lead, were made 
to allow for a slight movement; but the brick- 
layer, when making good the holes in the brick 
walls behind the basins, had solidly built them 
in. The plumber, when fixing the w.c's, used 
some carpenters' nails as wedges under the foot 
flanges, when levelling the basins, to hold 
them steady until they could be properly 
bedded. These nails, some time afterwards, 
rusted with such violence as to lift the basins 
bodily, and the traps were broken across the 
centres or highest parts of the traps. Of 
course, the plumber should not have used 
nails, but it is probable that wooden wedges 
would have had the same effect. Another 
experience which does not quite apply to our 
present subject, but may be mentioned, is 
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where, out of about 30 pedestal w.c's, eight 
were broken across the top parts of the traps, 
owing to a bad kind of Portland cement being 
used for making the joints to the traps and 
bedding them on concrete floors. These 
experiences lead to the conclusion that frail 
pieces of crockery ware, such as w.c basins, 
should not be too rigidly fixed, so that they can- 
not move without being so strained that they 
become fractured. 

Another kind of slip joint that has been tried 
as shown by Fig. 458. In this case the end of 
branch soil pipe, which is of lead, enters an inch 
or two into the outlet of the earthenware trap. 
A leaden cap is soldered on to pass over the 
outside of the trap. The bottom of the annular 
space is filled with cement and the trap then 
pushed into its place. At first sight this will 
appear to be a good joint, but it is not so. The 
edge of the end of the inner pipe meets the 
current, of what passes through, thus forming a 
check in addition to reducing the waterway. 
Any little defect would allow the water to 
escape, as shown by the arrow, although this 
would not be the case if the joint was upright. 
When inside the house an escape of air at this 
joint would, in some cases, be a serious matter. 

Several mechanical joints have been invented 
by various manufacturers. Figs. 459 and 460 

Thef 



are examples- of two of them. 



i first one has 
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a screwed thread made on the end of the trap. 
A hardened-lead cap with an inner lead lining, 
can be soldered to the branch lead soil pipe, is 
screwed onto the trarj and it is claimed by the 
inventors that a thoroughly reliable joint can be 
made by this method. Fig. 460 is a flange 
connection. One half of the metal flange is 
cemented onto the trap, the other half is 
soldered to the lead soil pipe, and the whole 
bolted together with nuts ana bolts. These are 
both new inventions. The writer has not had 
any opportunity of watching if they fulfil all 
that is claimed for them, or if they have been 
in use long enough to warrant him expressing 
any opinion upon their merits. 

Fig. 461 is another mechanical joint On the 
outlet of the earthenware trap a very strong 
flange is moulded. The end of the lead soil 
pipe has a strong metal ring passed over it and 
is then flanged outwards. The ends are then 
fitted together and fastened by means of metal 
clamps and screws. Between the flanges a 
vulcanised rubber ring is placed, the whole mak- 
ing a very strong joint which allows for a cer- 
tain amount of movement by reason of the 



flexibility of the ring. It has been urged that 
the ring, being made of perishable material, will 
eventually deteriorate and decay, but the writer 
has never come across such a case. 

All the joints that have been referred to have 
been sloping or nearly horizontal, but there are 
several w.c's with the outlets of the traps look- 
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ing downwards — Figs. 452-3-4 and 5 are 
examples. All the joints shown by Figs. 458 
to 461 can be adapted to the latter cases. In 
addition, joints, as shown by Fig. 462, are some- 
times made. 

A has an earthenware flange on the trap, 
which is similar to that shown on Fig. 455. 
This has an indiarubber ring, or a bedding of 
oil cement, under the flange which is fastened 
to the floor by means of screws or wooden 
cleats, as shown in the figure. 

B has a socket worked in the end of the lead 
soil pipe. The top edge of the socket is bossed 
over the flange, which is first bedded in lead 
cement 

C has the end of the lead soil pipe projecting 
above the floor and the outlet end of the trap 
enters and passes over the pipe a short distance. 
The trap having a groove in the end as shown 
in the sketch section. 

D has a properly prepared socket worked on 
the end of the soil pipe, as described for Fig. 
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456, and the annular space between the trap end 
and socket is packed for a short distance with 
suitable material and then filled up with a 
specially made elastic cement. We need not 
refer to any more of these joints and the writer 
does not care to comment on them. It need 
only be stated that the inventor of each one lays 
claim to its efficiency. 

In addition to the remarks that have been 
made on " washout " and " washdown " closet- 
traps, there is still a very important one- 
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namely, the difficulty of getting them with a 

{>roper water-seal. These traps should have not 
ess than 2 in. dip. That is, the " dip " should 
be immersed in the water 2 in., so that that 
quantity must be syphoned or evaporated out 
of the trap before drain ait can pass through, 
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But with this water seal it is more difficult to 
drive paper and other matters through the trap, 
hence makers do not agree with the writer on this 
point, but make the dips less than stated. '1 he 
writer has found traps to have no seal at all and, 
when testing drains by that means, smoke 
pass freely through them. Such a case 
occurred this week. Scores of traps are found 
with only i in. and f in. dip. The makers are 
not entirely to blame for this as there are great 
difficulties in making earthenware traps to an 
exact shape, owing to the unequal shrinkage 
when in a clay state and the distortion that 
takes place when being fired in the kilns. These 
evils are aggravated by careless workmen fixing 
the traps out of level or with the outlets droop- 
ing downward, so that less water is retained in 
them. A great many of the "washout" w.c 
traps are not made so neatly as shown by Fig. 
452, but have corners in the crown of the outgo, 
which never get scoured sufficiently to keep 
them clean. 

The shapes of a great many earthenware 
w.c traps are bad, not only in construction but 
in design; that is, when they are designed. 
They are not only out of shape, owing to the 
changes that take place during the process of 
being made, but their form is far from beintf 
good. It seems a pity that when a maker 
designs a trap that looks well on paper as a 
drawing, and would, peihaps, answer satisfac- 
torily in use, that he does not put in the market 
the actual goods that he illustrates in his cata- 
logue. Some do this, and I say it to their 
credit; but there are others who do not, and 
who send out everything that comes out of the 
kiln, so long as it is not actually broken. All 
that we, as plumbers, can do is to carefully 
examine such fittings before fixing them, and 
exchange those that are not as they should be. 
For what constitutes a good trap, and also for the 
various objectionable details in some kinds of 



traps, the reader is referred to previous lectures* 
where about fifty-four examples were illustrated* 

Now for a few words on the vent arms to 
earthenware w.c traps. Only a very few 
makers ever give this, apparently trivial, item 
any thought. Fig. 463, shows a few examples 
of those often met with. A, is the commonest. 
The position of the arm is wrong, and water 
passing through the trap will splash up the arm 
and eventually choke it up. Neither is pro- 
vision made for preventing the lead pipe pro- 
jecting downwards, as shown by dotted lines, 
?nd thus forming an obstruction to passing 
objects. B, has the first objection, as described 
for the last trap, but the lead ventilating pipe- 
end fits into a socket and cannot enter inside 
the trap. C, is worse than either of the two 
preceding examples, especially when the lead 
ventilating pipe is attached in a horizontal 
direction, so that what gets inside will not run 
out again. With a great many W.c's, especially 
of the washout kind, the arm cannot be fixed in 
any other position without being brought too 
prominently into view. Some may think that 
if the arm was attached, as shown by dotted 
lines, it would be an improvement; but this 
could only be adopted with some and not all 
kinds of traps. 

D is another example, which is better than 
any of the others. The only objection is that 
with a great many w.c's the ventilation pipe 
comes in the way of the service pipe to the arm 
of the basin, but this can be got over by having 
the arm fixed as shown by dotted lines. 
Another detail in connection with earthenware 
traps for w.c's, when the basin and trap are in 
two pieces, is the joint between them. Fig. 464 
is a section showing a joint of an improper 
kind. The bedding cannot be propetly done 
unless the plumber passes his hand through the 
basin and pushes some oil cement inside with 
his fingers, and this is rarely done. Filth 
can also accumulate in the recesses just below 
the bottom edge of the basin. A much better 
joint is that shown on the w.c, Fig. 452. The 
joint on Fig. 453 is better still, if properly 
iitted. To ensure this the basin and trap should 
be made by the same maker, so that the sptcket 
end of the basin is the same length as the depth 
of the socket on the trap, and thus ensure a 
close fitting joint A properly made trap will 
cost from ninepence to a shilling more than 
those commonly sold, and to save this small 
amount unscrupulous people will sometimes 
buy a good basin at one place, where only good 
things are sold, and then buy a cheap trap at 
another house of business. There is no doubt 
that in these days of keen competition things 
are often done which would not be under other 
conditions. Another evil is shown by Fig. 465. 
When making sanitary surveys the writer often 
finds this arrangement. An engineer, or an 
architect, will condemn a common long hopper 
basin, and order one of a better kind to be 
fixed. The basin is removed and a piece of 
stoneware drain pipe fixed to the old trap, the 
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new and improved kind of basin fixed as shown 
in the figure. The basin, as seen by the engi- 
neer, appears to be all right, but if he omits to 
look below, he will not discover that his inten- 
tions have not been carried out to the full ex- 
tent. The long length of pipe between the 
basin and trap will get very foul inside, and 
cannot be kept clean unless it is scrubbed daily 
by means of a brush. 

We may now leave w.c's with earthenware 
traps by remarking that they are often preferred 
owing to their being strong enough to bear the 
weight of the basin and user without collapsing. 

We will now refer for a moment to the 
greatest objection to the w.c's we have been 
discussing, namely, the joint to the soil pipe 
when fixed upstairs. Most of our leading engi- 
neers know the evils that have been enumerated 
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and stipulate that the traps shall be made of 
lead. Soldered joints can then be made, and 
the material being of a soft, in distinction to 
brittle, nature will not break in itself by any 
slight movement that may take place. But, 
owing to the softness of the lead, supports have 
to be fixed to bear the weight of the basin and 
seat Various methods have been tried with 
this object Several years ago the writer fitted 
them as shown by Fig. 466. A wooden box 
with three sides and a top was made. 4 nole 
was cut through the top, the hole being rebated 
all round about i in. deep, and the box being 
placed in its position, the trap was then flanged 
over and the basin bedded down as shown in 
the figure. This would not do with a rim seat, 
owin^ to the liability of its pressure moving the 
basin and spoiling the joint to the trap. A wrought 
iron ring with legs was also tried, but this was 
no better than the wooden box. Basins were 
also made without a flange to the base} and 
embedded in bossed lead seatings soldered on 



to trap on the top of the box, the seating ex- 
tending up the basin as shown by dotted lines. 
This made a stronger and better job, but looked 
unsightly. Strong cast iron brackets, horse- 
shoe shaped, were also made, and cut and 
pinned to the back walls of the closets. The 
traps and basins were then fixed on the brackets 
in a way similar to those on the wooden boxes. 
During these last few years great improve- 
ments have been made in this kind of w.c, and 
several makers now manufacture them with 
lead traps, especially fitted to the earthenware 
basins, and in such a way that any unsightly 
parts are hidden from view by the earthenware, 
either in the form of the basins or by means of 
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earthenware screeners. Objections have been 
made to the dark appearance of the inside of 
the lead traps as seen at the bottom of the 
basins To hide these, earthenware linings 
have been inserted in the visible part of the 
traps. There is not the least doubt that the 
appearance is improved by this, but it is an 
open question if, from a sanitary point of view, 
the principle is good, or if there is a liability of 
the linings being broken, and, by falling or 
being washed into the soil pipes, form 
stoppages. 

It is unnecessary to say anything about the 
evils of having access caps to earthenware w.c 
traps, as this was referred to when writing on 
lead w.c. traps. 

Before describing any other kinds of w.c's, 
we will deal with the methods of flushing those 
that we have had under consideration. 
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WHEN washout or wash down W.C's are used 
they are generally flushed by means of 
small cisterns, holding from two to three gallons 
of water each, and an arrangement of valves or 
syphons for emptying them into the w.c. basins. 
The sizes for the pipes from the cisterns to the 
basins are generally guessed at Because of 
this want of thought, or study on the matter, 
a great many that would otherwise be good 
w.c. basins are condemned as being bad, 
owing to their not being properly flushed. In 
the endeavour to well-flush a basin a pipe which 
is much too large is frequently used. The 
result being the basin is "flooded," which is 
quite a different matter to " flushing " it Some 
of the contents of a w.c. basin are very buoyant, 
and will float on the surface of the water. These 
buoyant matters have to be forced through the 
trap by the water flush. If this is too violent 
the water will stand higher in the basin during 
the time the flush is in action, floating matters 
will dance about on the surface and remain in 
sight in the trap after the flush is spent and the 
water has subsided to its ordinary level To 
thoroughly flush a basin a certain quantity of 
water is necessary, and the time occupied by 
the water in passing through the pipe into the 
basin should be considered. Assuming a flush- 
ing-rim washdown basin to be flushed with 
3 gals, of water in two or three seconds. In a 
great many instances a piece of crumpled up 
paper thrown into the trap would not be carried 
away by the flush, but would remain floating to 
the last Whereas, if the same quantity of 
water was made to pass through in a more 
extended length of time a depression would be 
made in the surface of the standing water in the 
trap, in some cases a slight vortex would be 
made, and the paper being drawn into this 
would be below the incoming water, and thus 
get pushed through the trap. The shapes of 
basins and traps vary very much indeed, but as 
an average, we may assume that with a 2 gal. 
flush, four to five seconds will generally clear 
the contents through the trap. With a 3 gal. 
flush, six to seven seconds should be occupied, 
and a lesser length of time would not be so 
satisfactory in results. On the other hand, a 
mere dribble of water, no matter how much 
the time of flushing was extended, would be of 
little or no use. Although the above times can- 
not be stated as being exact to suit all basins, 
we may accept them as being a fair average, 
and use them in the problem we have before u?, 
and which is " What should be the sizes of the 
pipes between flushing cisterns and w.c 
basins ?" 

Before we can work out the problem we must 
first consider at what height the flushing cistern 



is fixed, and also, in what position. The latter 
has an important bearing, as in some cases 
more bends in the pipes are required than in 
others. When the cistern is fixed immediately 
over the basin, as shown by Fig. 467, only one 
bend, namely, to the arm of the basin is neces- 
sary; but when fixed as shown by Fig 468, four 
bends are required. In this latter case there is 
the horizontal piece of pipe in addition to the 
bends in it, to be considered and dealt with 
under the heading of friction. Under the same 
heading we should also deal with the retarda- 
tion of the velocity of the water when passing 
through the valves or syphons in the cisterns. 
With regard to the bends in the service- pipe, 
if they are made to a radius of not less than five 
times the diameter of the pipe, as shown by 




Fig. 285, the friction is reduced almost to that 
which takes place in a straight piece of pipe of 
the same length. It is impossible to state what 
is the exact amount of friction that occurs in 
short pipes with bends in them, and including 
that in the other parts of the flushing arrange- 
ments to the w.c's. The difficulty is added to 
trom the fact that there are never two problems 
that are exactly alike. But we can, for our 
present purpose, assume that the actual velocity 
of water flowing through such pipes and flush- 
ing arrangements is about 75 per cent of the 
theoretical velocity when passing through a 
straight vertical pipe of the same size. That is, 
if there were no friction, the amount of water 
discharged from a pipe in a given time would 
be represented by ioo, but by reason of friction 
it is reduced to 75. 

The theoretical velocity of water passing 
through straight vertical pipes is equal to that 
of falling bodies, and is governed by the height 
from which it falls. The rule for calculating 
this is V= theoretical velocity in feet per 
second, and V= 8*025 •/ H. To explain this, we 
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will work out an example. If the level of the 
watei in a cistern is kept constant, that is, ac 
the same level, and a vertical pipe from the 
cistern was 5 ft. long, measured from the surface 
of the water in the cistern, we should then have 
what is called a 5 ft head of water. Then 
H = 5 and v*5 = 2*236. Then 2*236 x 8*025 = 
17*944. For simplifying our working, we may call 
this V=i8. This represents the theoretical 
velocity in feet per second at which the water 
escapes out of the end of the pipe. But for 
reasons above given, we must make deductions 
and multiply the theoretical by 75 to get the 
actual discharge. We then have 18x75=13*5 
as being the velocity in feet per second dis- 
charge from the pipe. To apply this to the 
required size of pipe for flushing a w.c In 
this case we should have to measure from the 
middle of the flushing cistern, and this would 
be considered as a mean of the level of the 
water, owing to the head being lowered as the 
cistern emptied. In this case, too, we can 
assume the head of water as being 5 ft., the 
flushing cistern as holding 3 gals., and the flush 
to last six seconds. To find the Uiameter of the 
pipe to fulfil these requirements we first take 
the velocity of discharge in feet for one second, 
which is 13*5 and multiply this by 6, the number 
ot seconds the flush is to last, and we get 81. 
This represents a column of water 81 ft long, 
but of an unknown diameter, and the total 
quantity of which is 3 gals. Now, 1 gal. of water 
is equal to 277$ cubic inches, and 3 gals, are 
equal to 83 if cubic inches. If we reduce the 
8 1 ft to inches we get 972. We now divide 
8318x972, and we have '8557. This being the 
area in inches of a cross section of the column 
of water. The square root of this is "925 in., 
and this represents the length of the side of the 
square column. To reduce a square figure to 
a round one of equal area we multiply by 
1*1283. So now we have 1 '1283 x -925= 1*04367, 
or a trifle over 1 in., which is the diameter of 
the pipe. In practice, a pipe ii in. in diameter 
is found to work very well, but the flush is not 
quite so long as the time given in our problem. 

If a larger or smaller quantity of water is 
used, if the time of the flush is too quick or too 
slow to suit the basin and trap, if the cistern is 
fixed higher or lower than the problem we have 
worked out, the same rules apply, but the 
figures have to be changed to suit the circum- 
stances. It must be clearly understood that we 
have dealt with the problem of sizes of w.c. 
flushing pipes in an approximate manner. 
Those readers who wish to be more exact had 
better consult the formulae given in the various 
text books on hydraulics which are much too 
cumbersome for many students who have a 
difficulty in working them out Below is a 
table of sizes of pipes for flushing " washout " or 
"washdown" w.c's, under various heads, 
which have been worked out for use in prac- 
tice, and which have been found to answer 
lairly well. 



Table of sizes of service pipes for flushing wash- 


down w.c.'s under different heads of water to 


discharge 3 gals, in five seconds. 


Head of 


75 per c«t ofL ternal dia _ 
theoretical l me ter ot pipe in 
velocity in feet wW 


Sice of pipe 
to be used in 


water in feet. 


practice to 




per second. 




iths of ins. 


3 


IO '4 


1 30 


Ii 


6 


147 


1*06 


Ii 


9 


180 


0-99 


I 


12 


2I*0 


0*916 


I 


*5 


232 


o-868 


$ 


18 


25 '5 


083 


| 


21 


275 


0S0 


i 


24 


29-4 


077 


i 


27 


3*'3 


075 


* 


30 


33 


o.73 


i 



We may now refer to the various methods for 
flushing washdown and washout w.c's. These 
may be divided into two sections, namely, 
valves and flushing cisterns. The latter section 
to be again divided into those which give an 
unlimited supply and those which discharge a 
limited quantity of water. We will deal with 
valves first. It would be a waste of time to 
dwell upon valves of the ordinary " stool cock " 
pattern, and we can dismiss them with the 
remark that they are nearly always useless for 
their intended purpose. A good kind of valve 
should have a waterway through it equal to the 
sizes of the pipes given in the preceding table, 
and the waterway should be the actual and not 
merely the nominal size. Very few valves are 
rold that are the actual size by which they are 
described, and a great many have such tortuous 
ways through them that not nearly so much 
water will pass through as with others that are 
properly made. Valves sent out by most of our 
good makers have arrangements attached, or 
lorm a part of their construction, by which they 
close slowly, and thus allow a certain quantity 
of water to pass after the handles have been 
liberated. This is a great advantage, as people 
will frequently be in such a hurry that they will 
not hold the handle up long enough to 
thoroughly flush a basin. An ordinary valve, 
with bellows regulator attachment, is shown by 
Fig. 469. When this valve is used the pipe is 
usually connected with a large cistern, and 
water will run so long as any remains in the 
cistern, provided the handle is held up. This 
is a very good arrangement, but only applicable 
where the w.c. basins have enclosed seats to 
them. In cases where the same cistern holds 
water for drinking purposes, in addition to 
flushing w.c's, it is usual to fix a small inter- 
mediary cistern for the w.c, so that by no 
manner of means could contamination of the 
drinking water take place through any pipe 
communicating with the w.c By some, this is 
thought to be impossible, and is only a fad, but 
to prove its importance a few examples of water 
pollution by this arrangement will be given at 
a future time. 
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Instead of the bellows to regulate the closing 
of the valve, as shown in the last figure, some 
makers have a second chamber in which a 
small valve and piston works. The small 
chamber fills with water when the handle is 
raised and the flushing valve closes at the same 
speed as the water escapes out of the small 
chamber. The water which runs after ihe 
handle is released is called the " after-flush," 
and in some cases is very valuable. For 
instance, if a syphonic action sets up during 
flushing, and partially empties the trap, the 




FJC 4-69 

after-flush will recharge it. The flush alone 
will rarely start a syphonic action on a w.c. 
trap, but if an excess of paper has been used, 
the trap will become blocked until sufficient 
weight of water has accumulated in the basin to 
force the paper through the trap, and by filling 
the outlet start the action described. Such 
does frequently occur, hence the the value of an 
after-flush. Another advantage of the valve 
and regulator is the shortness of time between 
raising the handle and the commencing of the 
flush. This will be referred to again when we 
deal with valve w.c apparatus. It is sometimes 
claimed that with this means for flushing w.c's, 
the pipe is always full of water, and thus 
becomes useless when frozen. This is only a 
superficial arpument, because when the water in 
this pipe is frozen it is also in a similar condi- 
tion in the cistern, and often so in the W.c. 
trap, especially when fixed above the floor and 
similar to those under review. In a great many 
country places the old-fashioned round valve 
and service box fixed in a cistern is still looked 
upon as being a very good arrangement And 
so it is, provided the valve is a large one, the 
service box of a good size, the down pipe of a 
size according to the preceding table, and fixed 
as close to the w.c. basin as possible, so that 
the water will come quickly after pulling the 
valve open, and, lastly, if people could be per- 
suaded to hold the pull for about five or six 
seconds, instead of just jerking at it and then 
running away. The old-fashioned small spindle 
valve fixed on the end of the pipe in a cistern is 
a very toy-like arrangement for flushing w.c's, 
and ought never to be used. 
To write a full description of all the methods 



practised for flushing washout or washdown 
w.c's would occupy some years, and I do not 
think it necessary to weary the reader with 
more than two or three more examples. The first 
one will be what is generally known as a 
44 water-waste preventing cistern." One water 
companies 1 manager, that the writer knows, 
rightly calls them ** water- wasters," from the 
fact that they are so often out of order that they 
waste a great deal of water. Fig. 470, is a 
section of a very commonly known description, 
and is fixed as shown at A A, Figs. 467 and 468. 
The construction is as follows. A small cast- 
iron, wrought-iron, or zinc cistern, holding 
together about 3 gals , is divided into two parts. 
The larger one, B, is the flushing part and holds 
2 gals, of water, which is emptied by 
means of the valve, C, when the handle, D, is 
pulled down. This chamber is filled by means 
of the ball- valve, E. The stem from the valve 
is connected to a ball, F, which floats in the 
smaller chamber, G. 1 he valve, H, is to allow 
the water in G to pass to B. The action is as 
follows. When out of use the two chambers fill 
simultaneously, the valve, H, being open and C 
closed. On pulling the handle, D, the valve, C„ 
is opened and G closed. This retains the 
water in the small chamber in which the ball 
floats and prevents the ball-valve opening, so 
that no water can run in until the handle has 
been released. On doing this, the weighted 
lever to which valves C and H are attached, 
falls back to its original position, reversing the 




opening of the two valves and allowing the 
water in G to pass into B. At the same time 
the float falls and the ball-valve opens and refills 
the two chambers ready for the next flush. 
Sometimes the valve, H, will get jerked out of 
its position, and, although water companies* 
officials may object to this, in that case a 3 gal. 
flush can be had instead of the 2 gals. There 
are several objections to this kind of flushing 
cistern, one being the number of valves, which 
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are liable to get out of order; and another, 
which is the most important of all, arises from 
visitors to the place being too impatient to 
stand and hold the handle until the whole of the 
limited supply of water has been used. Some 
will give a tug at the handle and immediately 
run away, so that only a very small quantity of 
the water comes into the basin. All kinds of 
w.c. basins that are flushed by this means appear 
dirtier than those flushed by the next kind of 
cistern which we will deal with. 

Fig. 471 is generally known as a " syphon 
action" flushing cistern. It is fixed similarly to 
the one last described, and is constructed as 
follows : A rectangular vessel has a pipe benr 
in the form of a syphon, fixed as at A in the 
figure, the long leg passed through the bottom 
of the vessel and then connected to the flushing 
pipe to the W.c At B a valve is fixed for water 
to run down the pipe, so as to displace the air 
in it, and start the syphon. The valve is opened 
by means of the lever, C, and pull, D. The 
cistern is filled by means of a ball-valve, £, and 
ball, F. The great advantage of this cistern is, 
that on pulling the handle, D, the syphon is at 
once started, and the water will keep running 
into the w.c. as long as any remains in the 
cistern. And it is not at all necessary to hold 
the handle down as was described for Fig. 47a 




Fio. 47 U 

But this is not a water waste preventing cistern. 
To fulfil most of our water companies 1 or cor- 
porations 1 requirements the ball valve must be 
actuated independently of the flushing part of 
the cistern, and the ball must float in a separate 
chamber, as shown by dotted lines in the figure. 
This is so that if the handle was fastened to a 
nail, or otherwise held down, the water would 
not be kept running into the cistern and 
dribbling down the w.c. basin ; the float 



chamber being emptied by a small syphon or 
through a small hole in the bottom. This is 
not really a water waste preventer, although 
accepted as being one. The syphon also would 
have to stand higher than the cistern sides, so 
that if the ball valve was defective, and leaked 
into the cistern, the water could not run away 
down the w.c. Some makers attach a sling to 
the lever to hold up the stem of the ball valve, 
so that it cannot open until the handle is let go. 
This is not a good method to adopt, and very 
few waterworks 1 engineers will consent to the 
principle. Any plumber can make up a flush- 
ing cistern, on the lines laid down in the figure, 
with the ordinary materials, such as pipes and 
valves, usually found in a plumber's shop. But 
a few remarks on this will be of advantage. In 
the first place the cistern should be made of 
wood and lined with sheet lead. This is much 
better than cast iron, sheet iron, and zinc cis- 
terns so much used, owing to the absence of 
condensation on the outside of the wooden cas- 
ing. With the metallic cisterns so much con- 
densed water will drip from them on to the w.c 
seats, or on to the floor, as to be very objection- 
able. The writer has olten known men to be 
sent for to make repairs, the senders being under 
the impression that leakages were taking place 
in the fittings. The size of the pipe for making 
the syphon out of should be as laid down in the 
preceding table for flushing pipes, and the bend 
should be carefully made so as to be "clear- 
bore " throughout The end of the syphon at 
G should be "bell-mouthed, 1 ' especially when 
there is a great pressure of water on the ball 
valve. The reason for this is, when the end of 
the pipe is left as usually done the water will 
sometimes "hang up" in the end of the pipe. 
That is, the water inside the end of the pipe 
will stand a little higher than that in the cistern, 
and a small quantity being in the other side of 
the syphon, an equilibrium will be established, 
and remain so until the cistern is partly filled, 
when the syphon will start into action and empty 
the cistern. This is sometimes aggravated if 
any portion of the pipe has a bag or trap in it. 
This is often found in that part of the pipe 
which is horizontal and leads to the arm of the 
basin. The pent up air inside the syphon is 
slightly rarified or expanded, and prevents the 
water standing at the same level inside and 
outside the pipe in the cistern, with the result 
that before the cistern is filled to its proper 
height the water will run over the crown of the 
syphon and start it into action. To prevent 
this, the perimeter of the inlet end of the syphon 
should be enlarged to at least twice that of the 
pipe, so that sufficient air can enter, at the finish 
of the flush, to thoroughly break the syphon ic 
action. When there is a great pressure on the 
ball valve, the water will sometimes come into 
the cistern almost as quickly as the syphon will 
discharge it Not that the water is continually 
running away. To use a common expression in 
these cases, the syphon " picks up," and when 
the cistern is partly filled will start automatically 
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into action. The writer has known this to go 
on for several days without intermission. Some 
plumbers will make a " snort hole," as shown by 
a small circle near the bottom end of the syphon 
inlet leg, but this is rarely found to be efficient 
owing to its not being large enough to allow 
sufficient air to enter in the second or so of 
time that the action is taking place. Other 
plumbers will fix a small air pipe to answer the 
same purpose, but the bell mouth is better than 
anything else that has been tried. AH syphon 
action cisterns are very noisy when in use, and 
the noise generally increases towards the end 
of the flush. Several patents have been taken 
out to v prevent this, but very few fittings that 
are made are really noiseless, although that 
claim is made for them. The bell-mouth at the 
end of the syphon is also an advantage for the 
prevention of this objectionable feature. When 
an excessive pressure is on the main service 
pipe the ball valve should be made to suit it. 
That is, the valve should have a reduced water- 
way, so that the water would not enter the 
cistern so quickly that the syphon would not 
stop working. On the other side of the ques- 
tion, under a low pressure a "full way" ball 
valve should be fixed, so that it does not take 
an unreasonable time to fill the cistern. Where 
a w.c is frequently used, and people come and 
go in quick succession, it is important that the 
basin should be left clean after each usage. 
This cannot be unless the Hushing arrange- 
ments are in perfect order. 

With regard to the overflow pipes from flush- 
ing cisterns, they should always be taken out of 
doors, the same as for any other cisterns, and 
made to empty in the open air. They are some- 
times found to be connected to the soil-pipe or 
w.a-trap. They have also been found connected 
to the down service pipe to the w.c, as shown 
by dotted lines at H, Fig. 471. None of these 
methods should be practised. In the first 
instances given we should consider them as be- 
ing unsanitary, and in the latter the syphon 
would not work properly if air was admitted 
into it. 

Fig. 472, is a section o! a valve which is some- 
times fixed in flushing cisterns. It is called a 
"waste preventer," and is very simply con- 
structed. The valve itself is like any ordinary 
cistern valve, excepting that an indiarubber cup 
fits over it, and a metal weight, concave on the 
under side, fits over the cup. On pulling the 
handle the weight and cup are raised, but owing 
to a vacuum being formed under the cup the 
valve is raised also. A small hole made through 
the cup allows the water to get inside, and thus 
break the vacuum and allow the valve to drop 
onto its seating. Those readers who have not 
outgrown their memories of boyhood will call to 
mind the round piece of leather, well wetted, 
and with a piece of string through the 
middle by which they lifted pieces of stone or 
other weights. The principle of the valve, 
shown by Fig. 472, is that of the piece of string 



and disc of leather. The advantage of this 
valve is that, unless tampered with or injured, 
it cannot be left open for water to run to waste. 
Where the syphon cistern, shown by Fig. 471* 
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Fig. 472. 

has to be converted imo a water waste prevent- 
ing cistern, the waste preventer valve is fixed 
instead of that shown at B. 

Fig- 473 1 is a very good syphon action flush- 
ing cistern, which is patented. The drawing 
speaks for itself. It will be noticed that there 




Fig. 473. 
is no valve for starting the syphon, and the ball- 
valve does not begin to close until the flushing 
chamber is full to overflowing. The overflow 
from the latter chamber empties into the 
smaller one in which the ball floats. By this 
arrangement the cistern fills much quicker than 
by the ordinary methods as usually practised. 

Another flushing cistern which is very simple 
in its action is shown in section by Fig. 474. 
The writer made drawings and models of this 
a great many years ago, but it has since been 
patented by another person. Instead of a valve 
to start the syphon a " displacer * is fixed. This 
is simply a copper cylinder, filled with air so as 
to float, with a tube through the centre to fit 
over a pipe fixed to the bottom of the cistern. 
A rod, or chain, with a handle at the bottom 
end, passes through the pipe and is connected 
to the top of the cylinder. On pulling down the 
handle the cylinder is forced further into the 
water, thus raising the level sufficiently to start 
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the syphon. This cistern has both good and 
bad points, which it is not necessary to refer to. 
Neither need we give any more examples of the 
subject we have been dealing with. Those that 
have been referred to were selected from some 
hundreds, with the sole object of illustrating the 
principles which govern the working of the 




Fig. 474- 

majority of the flushing cisterns that plumbers 
have to deal with. 

We will now return to w.c's and dwell upon 
two others of an improved type that have been 
introduced these last tew years. These w.c's 
have been designed with a view 0+ getting a 
large water surface in the basins. Numbers of 
attempts have been made, and several patents 
have been taken out for fittings, to gain this 
object. In all cases the great trouble has been 
to immerse matters that floated on the water in 
the basins. It seems rather strange that in 
spite of repeated failures inventors will persist 
in trying to do something which is entirely 
opposed to natural laws. We need not repeat 
what has been said in earlier lectures on this 
question, but simply state that it is almost 
impossible to drive somekinds of floating matter 
through w.c's; but it is quite easy to drag them 
through. With this object in view a jet has 
been introduced into the trap so as to play 
beneath the water in it. When properly 
arranged this works very well indeed, but there 
is some little difficulty in finding the proper 
position for the jet. The idea is to set up such 
a strong under-current that everything is washed 
away, and so that the basin does not get flooded 
with water from the flushing nm. The modern 
w.c's that we will now refer to depend upon a 
syphonic action for gaining the same object. 

Fig. 475, which, by-the-by, is not modern, as 
the writer fixed them about twenty-five years 



ago, is a section of the basin and trap. As seen 
in the sketch the surface of the water is much 
larger than usual, and is also of a good depth. 
The basin and trap were made in one piece of 
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ware, and a piece of pipe, A, in the Fig., 
rectangular in cross section, from the outgo of 
the trap, was connected to what at first sight 
appeared to be a second trap, but was not so. 
When the basin was being flushed the first por- 
tion of the water that passed through the trap 
fell into the lower bend and just sealed it suffi- 
ciently to prevent all the air in the pipe, A, 
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escaping down the drain. The air being pent 
up as described, the contents of the basin 
headed up a few inches until there was sufficient 
pressure to drive the air out and through the lower 
bend. A syphonic action at once set up and 
emptied most of the contents out of the basin. The 
flushing arrangement at this stage increased in 
force and completely emptied the remainder of 
the water out of the trap, and after a pause of 
about half a second an after flush came down 
and recharged it. The flushing arrangement 
consisted of a cistern, B, a 3 in. lead pipe, C, 
soldered to the bottom of the cistern, and to a 
4 in. leaden pipe, D. At E., on the top of the 
latter, a brass valve, with a very long spindle, 
was soldered, the valve being lowered down 
through the pipe, C, and worked by means of 
wires, ball-lever, F, and pull, G. Three f in. pipes 
were soldered to the pipe, D. One of these was 
connected to the arm of the flushing rim of the 
basin, and another acted as a jet onto the water 
in the trap. The third pipe was for emptying the 
contents of D, for the after-flush. One acted as 
an air-pipe when the valve was closed, to let the 
after-flush escape; all the pipes acting as flushers 
when the valve was open. The writer will 
never forget the first one he fixed, owing to the 
great difficulty he had in preventing the noise 
made by the chattering of the valve, E. When 
started there was no means of stopping it until 
the cistern, which held about 100 gals., was 
emptied. Several days were spent in experi- 
menting, but success was gained at last by 
fixing pieces of $ in. lead pipe, as air-vessels, as 
shown at H and J. As a w.c, the whole 
arrangement was a success; but it was not safe 

it: 




Fig. 476. 

to use it for slops, owing to the risk of being 
left without sufficient water in the trap if the 
user failed to pull the handle afterwards. 

Fig. 476 is ot more recent introduction but 
has several points in common with the last one 
described. The writer has seen this in use as a 
w.c. and thrown bronze coins and other matters 
into the trap. These have been washed through 
by the flushing arrangement and syphonic 
action combined, nothing being left in the trap 
excepting clean water from the after-flush. The 
trap is in sight, obstructions can easily be re- 
moved and it is so artanged that there are 
several inches of water seal. This is an advant- 
age in that it takes longer for the seal to be 



broken, by the evaporation of the water, as was 
mentioned further back in these lectures, and 
also ensures faecal matter being; thoroughly 
immersed when the W.C. is in use. 

Fie. 477 is a still later invention and has a 
great many good points. The depth of the 
standing water and the area of the surface are 
much larger than in most of the ordinary w.c's 
of the washdown kind. The depth of the 
water seal is also much greater and will resist 
being broken by evaporation for a much longer 
period of time. Ordinary water flushes would 




Fig. 477. 

not clear the contents out of the trap, but by 
applying natural laws to the method of flushing 
perfect success is gained. In an earlier lecture, 
on trap ventilation, stress was laid on the im- 
portance of the atmosphere pressing equally on 
the two water surfaces, on each side of the dip 
of the trap, so as to keep the water in a state of 
equilibrium, and by reducing the air pressure on 
one surface the other one was depressed, in some 
cases the water being pushed through the trap 
by this pressure. In the closet we are describ- 
ing this principle is applied as an aid to the 
flushing arrangements. 

As will be seen in the figure, a jet of water 
discharges through the crown of the trap and 
creates a downward current of the air in the 
pipe. This partially removes the air pressure 
on the surface of the water, in the outlet side of 
the trap. The pressure on the other surface, in 
the basin, then being in excess, forces or pushes 
the contents through the trap. The air pressure 
alone would not do this, but the flush from the 
rim ot the basin completes the object sought. 
Such is the thoroughness of the flush that a $ in. 
back nut, a small piece of brass, and a small 
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bung, are all washed away by the action ex- 
plained. As showing the great influence of the 
water jet in the outlet leg of the trap it may be 
stated that it is impossible to create the same 
action by throwing pailsful of water into the 
basin. No sypbonic action being started by 
doing this. 

Further back was explained some of the 
difficulties to be overcome when connecting an 
earthenware trap to a lead soil pipe. In the 
closet last described a second trap, made of 
lead, and having a soldered joint to the soil 
pipe, is fixed. The space between the two traps 
is ventilated by means of a pipe as shown in 
the last figure. 

Before describing another kind of w.c. appara- 
tus we will dwell for a short time on a point that 
is generally overlooked by plumbers and 
engineers. In earlier lectures, the sizes for 
drains, under varying conditions, were given. 
The construction and falls were dealt with and 
also special provisions for flushing described. 
Stress was laid on the latter, and the statement 
made that for " drains to be thoroughly flushed 
it is necessary to have sufficient depth of water 
in them to float excreta and such like matters 
away. ... To make a thorough success it 
is important that flushing tanks should be con- 
nected to all sewage drains." In another lecture 
it was stated that " a scarcity or limited supply 
of water to w.c.'s meant foul drains and the 
consequent evils." Now, flushing tanks are of 
very great value, but when regulated to dis- 
charge only once or twice in the 24 hours the 
drains become very foul in the intervals owing 
to the w.c.'s, or the kinds of w.c. apparatus, that 
are used. Waste water from baths and sinks 
will flow away down a well-laid drain and not 
do much harm, if we omit that from the scullery, 
but the water from a w.c is used as a motive 
power for removing excreta. To do this the 
quantity of water must not be too limited. 
There must be sufficient to get a certain depth 
in the drains to float the faeces. No one would 
expect a barge to float down a canal if there was 
very little or no water in it. But it seems to be 
the current idea with great numbers of people, 
both professional, tradesmen and laymen, 
that this can be done. Hence my remark above 
on the "point generally overlooked." Who for 
a moment could maintain that a " washout" or 
"washdown" closet basin, using two gallons of 
water, flushed by means of a i±in. pipe, 
would keep the drains, even if only short 
ones, free from fsecai deposit ? From a sanitary 
point of view, the above w.c's are of the very 
worst kind that could be used. It is true they, 
in themselves, are not so offensive (although the 
washout are sometimes) as a " pan " closet, but 
the latter is much better than the former for 
scouring the soil-pipe and clearing the drains, 
On raising the handle of a pan closet a bowl of 
water is instantaneously dropped into the trap 
below; but the quantity is too small to do much 
good. 



We will now describe what I consider to be 
the best kind of water closet apparatus that was 
ever invented. Bramah was the inventor, and 
the apparatus was called a " valve closet." The 
title being taken from the valve used for retain- 
ing the water in the basin, and not, as generally 
supposed, from the valve flushing attachment. 
Not that the old •Bramah closet is better all 
round than those of similar description, with 
improvements made in their construction. 
Most of the modern apparati are far better in 
their general arrangements, but in nearly all 
cases the mistake has been made of reducing 
the sizes of the basins. I consider that the oppo- 
site should have been done so that the usage of 
a w.c would clear the drains from isecal 
deposits. Or, in other words, each w.c should 
have the same influence on the cleanliness of 
the drains as would a flushing tank. The size 
of the basins, and also the quantity of water 
supplied 10 them, should be increased much 
beyond any that are now made and fixed. Not 
that manufacturers of w.c's are entirely to 
blame, but rather those who are not liberal 
enough with their water. A large basin with 
limited water flush would be as great an evil as 
the smaller basin. 

I do not forget that in some places the water 
supply is limited. But no sensible person would 
claim this as a reason for having and tolerating 
foul drains. If the water supply in any town, 
village, or mansion is not sufficient for all pur- 
poses it should be increased at all costs. There 
may be some difficulty in thus increasing the 
quantity of water, but in ninety-nine cases out 
of a hundred the problem is one of engineering 
only. If the question of cost is raised as a con- 
sideration, or barrier, it should be put on one 
side as trivial, and reference to previous lectures 
on collecting and storing rain and other waters 
will explain why. Not that we can always 
afford to ignore the question of cost, but in 
most cases it is the will to do a thing, and not 
the means of paying for it that is wanting. How 
is it that in most towns, with a good water 
supply, there is less sickness of certain kinds 
than we And in country mansions ? In some of 
the latter we find either an unsuitable or limited 
water supply which could be increased or im- 
proved at a tithe of the cost of one picture 
hanging in one of the rooms, or the value of one 
or two horses in the stables. Where it is physi- 
cally impossible to get a sufficiency of water for 
all purposes then w.c's should be abandoned 
and earth closets fixed instead. But where the 
above restrictions do not obtain and water 
closets are used, the flush to them should always 
be ample and sufficient for removing everything 
to the outlali of the drains. No fitting will do 
this so well as a valve w.c apparatus, but to be 
thorough the basins should be very much in- 
creased in size, and the quantity of water in 
volume over what is the usual practice. On 
raising the handle of the w.c, the water that 
passes away should be sufficient to at least half 
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fill the drain, and it follows that the drain should 
not be too large, but of a size that is hall filled 
by the w.C. discharges. 

One of the oftenest repeated objections to 
valve w.c's is their complication of working 
parts. If we want to gain an object it is not 
always wise to raise obstacles to its attainment. 
The working parts of a well-made valve closet 
are not nearly so complicated as those of some 
of the flushing arrangements to the so-called 
simple flushing cisterns. Then again, the 
market is so flooded with cheap, flimsily con- 
structed, valve apparati, which are a continual 
tax upon purchasers for repairs and renewals, 
that their reputation has suffered very much in- 
deed. In nearly all parts of the country, 
especially in old mansions, I am continually 
coming across old Bramah closets which, in 
spite of some 40 or 50 years of usage, are still 
fulfilling their purpose in an efficient manner. 
It would be difficult to name any other kind of 
apparatus that has stood the same amount of 
wear and tear for so long a period of time, and 
this in spite of their so-called complication of 
parts. 

What is a "valve w.c. appaiatus"? It con- 
sists of an earthenware basin, the bottom edge 
being embedded in a brass seating in which is 
hinged a valve for keeping the water in the 
basin, and emptying the contents quickly, by 
means of the " tumbler " attached to the axle 
and which is actuated by a lever with a rod and 
handle. The older w.c's were flushed by means 
of what was known as "valves and service 
boxes" fixed in cisterns immediately over them, 
and opened by means of cranks and wires, 
similar to the arrangement shown by Fig. 451. 
The water coming into the basin at the back and 
made to spread round by means of a " copper 
fan " or " spreader." Under the basin is a box, . 
the older ones were made of lead, in which the 
basin valve worked. An overflow from the 
basin had a pipe, with a trap in it, which was 
connected to the valve box under the basin. 

Before describing a good valve w.c of 
modern make we will deal with a few objection- 
able points in connection with those of early 
construction, and which are often repeated in 
some of those made at the present day. These 
points may be enumerated as follows: The 
basins had " spreaders " to cause the water to 
flush around the sides; some had side arms, so 
that the incoming water whirled round and 
formed vortexes, in which cases the basins were 
not cleared of deposit The outlets of some 
were too small, bad sharp angles round them, 
and the basins were too much bowl shaped* 
When the bottom is too much rounded a por- 
tion of the flush is lost in pushing anything that 
may lie in the basin into the outlet opening. A 
glance at A, Fig. 478, will the better explain 
this; B showing a better shaped basin, down 
the sides of which faeces and paper can slide to 
the outlet. The overflows were much too small 
and would not take the water away quickly 



enough if the flushing valve did not close 
properly, but kept running for too long a time 
after the handle of the w.c. was dropped and 
the outlet valve shut. There was no special 
provision made for keeping the overflow trap 
charged with water, although in some cases the 
connection of the trap was made to the valve- 
box in such a way that on pulling up the w.c 
handle, some of the contents of the basin glided 
off the valve into the trap. At the same time 
some of the objectionable matter in the basin 
found its way into the trap and then g»ve off- 
bad air through the overflow holes in the side of 
the basin. In some w.c's a tiny dribb e pipe- 
is fixed for charging the overflow trap with 
water. Neither was any provision made for 




flushing out the foul contents that overflowed 
into the trap, nor for washing the slimy matter 
that adhered to the inside. There was no pro- 
vision made for getting rid of the pent up air 
in the valve box. On pulling up the w.c 
handle this air would pass upwards into the 
closet or be puffed out of the holes over the* 
overflow. This was found to be particularly 
offensive at times, when a few days, or perhaps 
a few hours, had elapsed since the last usage, 
and more especially when the trap under the 
apparatus was a very large one and the water 
flush too limited, so that the trap was filled with 
sewage instead of clean water. With the ser- 
vice box and cistern valve flushing arrangement 
the water did not come into the basin imme- 
diately the handle was raised. In these cases 
the paper, &c. frequently got jammed between 
tho discharging valve and the seating at the 
bottom of the basin. When this occurred the 
water dribbled away out of the basin, leaving it- 
empty. The sides then became dry, and when 
used in this condition it was very rarely indeed 
that the next water flush would wash off the 
adhering matter, A great many apparati are 
made <with the discharging valves so badly 
arranged that they are nearly always becoming- 
so clogged with paper that they cannot close 
properly. With some the handles had to be 
raised such a long distance, and the " tumblers " 
acted so slowly, that frequently the valves were 
only half opened, wilh the results above 
enumerated. Some valve w.c's require very 
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strong pulls to raise the handles. A great 
many are found at the present day to be so 
heavily weighted that ladies, children, invalids, 
and other weakly people cannot raise the 
handles to the proper height for the contents of 
the basins to be properly and quickly emptied 
and the flushing valves opened to their full 
extent. 

Some modern valve w.c apparati have the 
traps attached to the fittings, this not being 
nearly so good as having the traps soldered to 
the soil pipe. The difficulty of making the joint 
between the soil pipe and w.c. trap has already 
been described. In some large public schools 
the writer examined, there were about 70 valve 
w.c's, and on applying the smoke test about 80 
per cent were found to be defective at the con- 
nection. With traps attached, the valves of the 
closets dip into the water and sometimes pick 
up paper, &c, which prevents the valve closing. 
With these closets the overflow arms to the 
basins are connected to the traps and puffs of 
bad air are driven out when the bandies are 
raised. 

Another objectionable kind of valve w.c has 
a plunger fitting over the outlet in a side 
chamber. Although these fittings will stand a 
lot ot hard wear, they are not entirely satisfac- 
tory, owing to the foul condition of the inside of 
the chamber after a few weeks usage. Most 
sanitary engineers of repute have now ceased to 
use or recommend so-called "trapless closets, 11 
as they are not found to be so good as was con- 
sidered when they were first introduced. 

We have now dealt with most of the objec- 
tionable points found in a great many old and 
modern valve closets. There are many good 
apparati in the market, but the task would be a 
heavy one to describe them all. An illustration 
of one only, which the writer considers the best 
of all that he has seen, or had to do with, is here 
given and shown by Fig. 479. We may briefly 
deal with the various details and take them in 
the same order as we did the objectionable 
points in some of the other w.c's referred to 
above. 

The basin has a flushing rim which is con- 
tinued round the overflow arm, thus flushing 
the basin, overflow and trap at the same 
time. The overflow is exposed and easily 
cleansed. The flush does not form a vortex, but 
streams down all round the sides of the basin 
carrying all before it to the outlet, there being 
no ledge on the bottom of the basin for anything 
to rest upon. The basin has a " table top," the 
combination being in one piece of earthenware. 
Some are made in two pieces, but these latter 
have frequently to be changed owing to an ac- 



cumulation of foul-smelling matter getting 
between the basin and top. The valve box has 
a ventilation arm from which a pipe, shown by 
dotted lines in the figure, is continued to the 
open air out of doors. The air between the 
water in the basin and that in the trap is driven 
through this pipe when the handle is raised. 
Anything offensive remaining in the trap will 
give off bad air and this can pass through the 
above pipe. The connection of the vent arm to 
. the valve box is so arranged that nothing can 
lodge in the end. This vent arm is kept clean 
inside, and any splashings washed off by the 
flush from the basin overflow which is connected 




Fig. 479. 

to it. No bad air can be puffed out of the over- 
flow owing to this arrangement. The flushing 
valve is fixed as close to the basin as possible so 
that immediately the closet handle is raised the 
basin is flushed. This, and the way the valve is 
fixed, prevents paper, &c, clinging round the 
valve. The pull is so light that a child can 
easily raise the handle, and so short that the 
valve opens wide very quickly. The trap is 
separate from the apparatus and has a soldered 
joint to the soil pipe. The valve box is strongly 
made of cast iron, porcelain enamelled inside, 
and the valve has an indiarubber sealing which 
can be changed or renewed in a few minutes. 
The top to the basin prevents slops, or an im- 
proper use of the closet, rendering the floor 
beneath the apparatus offensive. With this 
description of valve closets we can now leave 
this part of our subject In response to private 
correspondence we will next discuss lining and 
covering coffins with lead. 
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1FEEL that an apology is due to some of my 
readers for rather abruptly changing the 
subject matter of these lectures, but so many en- 
quiries reach me on coffin lining and covering 
that 1 feel constrained to now devote a short time 
to the usual proceedings of modern coffin mak- 
ing. We will divide the subject into three parts, 
coffin covering, coffin lining, and lead coffins 
without any woodwork. As covering coffins is 
the most common practice, we will deal with 
that first. The wooden case, or shell, is 
generally made of oak or elm, and, when to be 
covered with lead, is especially prepared by 
gouging grooves where the soldered seams are 
to be made on the bottom and ends, and by 
bevelling the upper edge of the lid. The lead 
is cut out in four pieces for covering the top, 
the bottom, and two sides, respectively. The 
weight of lead is varied, according K> the class 
of the work, and weighs from 3! lbs. to 7 lbs. 
per superficial foot. The lead should be in 
good condition and free from bruises, inden- 
tions, scratches, or other marks that cannot be 
easily obliterated by the process of card wiring 
when being finished off. 

The first proceeding is to open out the sheet 
of lead on a well swept and even floor, lay the 
lid on the lead and "scribe" round the edges 
the exact size of the lid. The lead to be cut 
out to the scribing and ?aid aside for covering 
the bottom. The lid to be again laid on the 
lead, and, with a pair of compasses set to g of 
an inch, scribed round. The additional fin 
being to return on the edges of the lid to which 
it is nailed. This piece of lead having been cut 
out, next measure the length of the side of the 
case and halfway across the ends at head and 
foot respectively, allowing £ in. for lapping at 
the end seams. Mark this distance on the lead 
for a rough guide as A to B, Fig. 480. Mark 
the length of the piece required to cover half the 
head, as A to C, including the £ in. for the 
seam. To the outside height of the coffin add 
3 in. and mark the lead as A to D and C to E. 
Then mark the width of the other end of the 
piece of lead from a measurement taken from 

Qi 




Fig. 48a 

the coffin plus 3 in., as shown by dotted line F 
to G. With a bevel take the angle of slope of 
foot of coffin and mark the lead as H to G. At 
right angles to this line make two marks as H, 
J, and G K, the line J K, being parallel with H 
G, and at a distance equal to half the width of 



the sloping foot with half an inch added. Cut 
out the piece of lead to the outside marks, turn 
it face downwards on the sheet, mark and cut out 
the piece for the other side. The coffin to be 
now laid on its side on a dwarf pair of stools or 
trestles, and one of the side pieces of lead laid 
on with the ends in their proper positions, ?nd 
the edges projecting i$in. beyond the coffin. 
The ends to be now dressed down and tacks or 
small clout nails driven in a short distance, but 
not up to the heads, at the edges of the lead 
into the groove cut into the woodwork. 

Fig. 481 shows the coffin on the stools and 
the piece of lead laid on ready for working 
down the ends and sides. The double dotted 
lines on the bottom are the grooves cut in the 
woodwork for the soldered seams, which are 
flush when finished. After dressing down the 
ends, and tacking them as predesci ibed, work 
up the arrises to a fairly but not too sharp 
edge. Then dress down the edge on the bottom 
and tack it in the groove as done for the ends. 




Fig. 481. 

Then turn the shell on its bottom, on the stools, 
and dress the other edge of the lead over the 
top and a short distance down inside. Fig. 
482 is a cross section of the coffin showing the 
lead at this stage of the proceedings. Drive in 
small tacks as near the edge of the lead as pos- 
sible, as shown at K, these being driven home 
and are to remain. Now lay the case on its 
covered side, take out the nails at the ends and 
cover the other side as described for the first 
one. The coffin now to be laid with the bottom 
upwards and the first piece of lead that was cut 
out laid in its proper position, the temporary 
tacking nails having been first removed. Care- 
fully flap the piece of lead quite smooth, chase 
the edges into the groove, and put in three or 
four temporary tacks in the centre of the groove 
to keep the lead from moving. With a sharp 
pointed drawing knife cut off the edges of the 
lead where they project beyond the centre of 
the groove^ Some plumbers will now soil or 
smudge each side of the seam, but it is much 
better to use weak paste, made of flour and 
boiling water. A cabbage leaf, or a potato cut 
in half, rubbed over the lead will answer the 
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same purpose as the paste or soil of preventing 
the solder tinning to the lead beyond the seam. 
After this protection has been thoroughly dried 
the seams should be properly shaved, using a 
round pointed hook and a straight edge to get 
the sides perfectly true, the temporary nails 
being taken out one at a time to allow the shav- 
ing to be thoroughly done. This could not be 
so with the nails in. As soon as the shaving 
has been done the permanent nails to be driven 
*n about 2 in. apart and close to the edge of the 
overcloak lead. These nails must be driven 
tight home for two reasons, first the edge of the 
outer lead will curl upwards when soldering, 
and either show through the seam or allow the 
solder to get between the lap of the lead, or run 
beneath it; secondly, if a nail head were to 
show through the soldered seam the coffin 
would not long be air tight, hence the import- 
ance of covering the heads with solder. Some 
plumbers will shave the undercloak of the lap in 
the lead and the underside of the edges of the 




Fig. 482. 

top lead, so that if by an oversight the seam 
should be wiped too bare the edges would be 
"sweated" together by the solder that was 
drawn or ran in between them. The permanent 
nails should be made of copper, and have tinned 
beads. For light lead and cheap work common 
tinned tacks are often used, and in some cases 
common iron clout nails. On this matter I 
may say that no respectable plumber would 
scamp his work by using improper materials in 
work such as a coffin, which is intended to last 
for an indefinite length of time. 

After all the shaving and nailing has been 
done one of the trestles should be removed, as 
shown by Fig. 483, so that one end of the coffin 
will rest upon the floor, and the other end be at 
an easy angle for wiping the end seam. The 
board at L is for catching the spare solder. 
The two ends having been soldered, the coffin 
to be turned with the bottom upwards and the 
seam wiped all round. The seam for good 
work should never be less than 1 in. wide. The 
wiping cloth, about 2\ in. long, should be very 
thick, so that it will not bend or, when wipiug, 
leave the surface of the solder either raised or 
hollowed. Some plumbers will pack their wip- 



ing cloths, and stiffen them with a few thick- 
nesses of brown paper, others will place a short 
piece of a wooden lath in the centre for the 
same purpose. 

Men vary very much in their methods of wip- 
ing seams, but good workers pour on their 
solder and, when the heat is just right, will pro- 




FiG. 483. 
ceed to wipe at once, taking strokes of from 
8 in. to 12 in. in length. The cold spare solder 
is left behind at the sides of the seam, and the 
plumber's pouring ladle kept replenished by his 
assistant. When soldering seams the quicker 
they are done the better they will look, and give 
lesser trouble to the plumber. If too much time 
is spent, if the plumber is too slow in his move- 
ments, or gets an excessive quantity of solder on 
his work, the lead will expand very much and 
so irregular that a dirty-looking uneven seam is 
the result. 

Another way practised by some plumbers is to 
pour on sufficient solder for the whole of the 
seam and then take a heated plumbers' iron 
and begin wiping, keeping on until the whole 
seam has been done. A lesser quantity of solder 
is required this way than the other, but if the 
plumber is not very skilful the seam does not look 
so clean and smart Another way, almost 
similar to the last, is to pour on a small quantity 
of solder to get a start of two or three feet, the 
plumber using an iron and his 'assistant pouring 
on small quantities of fresh solder from time to 
time a short distance in front of, or to be more 
exact behind, the plumber. One heated iron 
will be sufficient for this way of wiping round 
the coffin bottom, whereas, two, and sometimes 
three, would be necessary in the preceding way. 
This latter remark applies to the seams on light 
lead, with heavy lead more beat is necessary, 
that is, more heated solder or more heated 
irons. 

A piece of pasted brown paper is generally 
stuck on the ends of the head and foot solder- 
ing, but a good workman can get on veiy well 
without the paper and simply rub on chalk, 
to prevent the bottom soldering remelting the 
parts on the ends that were done first. If the 
whole of the work is properly prepared the 
quantity of solder required for the body of the 
coffin is from 7 lbs. to 8 lbs. ; but I once worked 
for a master who did a good trade in cheap 
coffins, who would allow only i\ lbs. After 
completing the coffin the lid is next covered, 
although some men will do this first, so that 
their mates can be cardwiring the lid during the 
time the shell is being covered and prepared 
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for soldering. Covering the lid is a very easy 
matter. The lead is simply laid on, and the edges 
dressed down and nailed. The whole of the 
leadwork is then washed clean by means of 




Fig. 484. 

water to get rid of the paste, soil, or whatever 
was used as a substitute, and cardwired over. 
The cardwire is a piece of leather or stout 
fustian with wires projecting endways through 
one surface, thus forming a kind of brush. 
Second hand, or much worn, card from the 
cotton mills is the best, as new stuff has the 
wires too long, so that when using they will 
bend down flat; whereas the short, stumpy 
wires will not do so unless unfairly used. It is 
a good method to nail the card, the size being 
about 4 in. x 4 in., or 4 in. x 6 in., onto a piece of 
{in. board,to prevent the wire loops being pushed 
out of the back. When mounted, the whole 
has the appearance shown by Fig. 484. The 
card, or " scratch wire," as k is sometimes 
called, should be used in one direction only. As 
shown in the figure, k would be used from right 
to left, in a direction which meets the bent ends 
of the wires. The lead surfaces are first card- 
wired so that the scratches are all in the 
same direction and perfectly straight. By the 
aid of a stencil plate, which can be cut out of a 
piece of sheet tin or a piece of thin, hard wood, 
or out of a piece of sheet lead, the centre por- 
tions of the bottom, sides, ends, and top, are 
scratched with the cardwire to what may be 
called a diaper pattern, as shown by the lid, 
Fig. 485. After the whole has been completed 
the coffin is then ready for use so far as the 
plumber can prepare it, but the lining has to be 
put in, and this is generally done by the coffin 
maker. When the whole is finished it is 
removed to the proper room and the corpse put 
in. At this point the most unpleasant part of 
the proceedings commence, especially when the 
body has swollen from any decomposition that 
has set up, so that there is trouble in getting 
the lid on. I do not care to describe what has 
sometimes to be done, but in cases that are not 
too difficult, a few heavy weights on the lid 
and a stout cord round the shoulder part, with 
a •* twitch" for tightening the cord so as to pull 
the sides tight to the lid, have to be applied. 
If the sides cannot be pulled in quite tight, and 
spaces are left through which the solder would 
run and get inside, these spaces are sometimes 
tightly packed with paper and thin strips of 
sheet lead, which have been properly shaved, 
laid over the paper and a few nails driven 



through to hold the whole from rising when 
expanded by heat during the process of solder- 
ing. 

The edges of the seam are then prepared for 
soldering as described for the bottom. A hole, 
with a carpenter's gimlet or a large bradawl, is 
then made through the lid. In some cases a 
piece of $ in. or 1 in. pipe is connected to this 
hole, by means of a putty joint, and the other 
end of the pipe carried through the room- 
window. The hole is necessary to relieve air 
compression, which arises trom rarification of 
the air inside the coffin, and which would blow 
through the solder when in a melted condition, 
thus leaving small holes in it. The pipe is 
necessary when the state of the corpse is such 
that the plumber cannot work in comiort 
Generally speaking, more solder is used on the 
lid than on the whole of the body of the coffin. 
The hole is soldered over after the lid is finished. 
As the lid has to be soldered on where the 




Fig. 481;. 

corpse lies, generally in a bedroom, there is 
frequently some trouble in getting a fire for 
heating the solder and irons, but a good under- 
taker will generally have a fire ready so that 
the plumber can quietly and decently do his 
work and get away as quickly as possible. The 
plumber should also be left alone when work- 
ing. The task is not a pleasant one, and 
officious members of the family do not, by their 
presence, help to make it more so. 

After the coffin has been soldered down the 
next thing is to place it in the outer shell, which 
is generally made of oak, French polished, or 
varnished, with the necessary handles, name 
plate, and other furniture. The latter is some- 
times very elaborate, especially when the 
coffin is to be placed in a mausoleum, catacomb, 
or other position where it may be viewed from 
time to time. 

We will now deal with lead-lined coffins. 
This plan is very rarely carried out ; but in 
cases where economy has to be considered, the 
cost of one shell can be saved. The first pro- 
ceeding is to open out the sheet of lead, flap it 
quite smooth, lay the coffin on and mark the 
size and shape on the lead. The coffin to be 
then removed, and at a distance from and inside 
the lines make others that are parallel with 
them and equal to the thickness of the sides of 
the coffin, plus an allowance for the lead. Out- 
side the latter lines and equal to the depth of 
the coffin, measured at the various points, make 
the necessary marks to represent the lead to 
line the ends and sides. Cut out the corners 
and pieces at the shoulders, so that the sides and 
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ends can be folded up, the whole being as 
shown by Fig. 486. The corners M M, must 
be cut to suit the slope of the foot. At N N, 
J in. to be left on the edges for folding outside 
the side lead to prevent the solder running 
through, as described when writing on lining 
cisterns with lead. At O O, the lead for the 
bottom must be cut to fit the shape of the 




Fig. 486. 

shoulders, and at P P, the parts forming the 
bottom of the sides must be cut straight, that is, 
in a line with the straight parts of the coffin. 
If the plumber is very careful, and cuts out the 
lead to the exact dimensions, he can now soil 
and shave the parts to be soldered before fold- 
ing up the sides and ends. This is much more 
•easily done at this stage than when the lead is 
placed in the shell. The lead to be then folded 
•on the linrs, which represent the bottom, the 
angles "set in" with mallet and dresser on the 
inside and then dressed quite straight on the 
outside. The bottom lead to be then hollowed 
on the under side; this can be done with the 
palm of the hand, and then lifted into the shell. 
It the lead is well hollowed, as described, it will 
<3rop to the bottom without any trouble, and on 
pressing down the hollow parts the angles will 
be pushed back into their proper places. A 
small flapper should now be used to flap the 
lead quite smooth against the bottom and sides 
of the shell, when it only remains to dress the 
lead over the top edges, chase in the upright 




Fig. 487. 

angles, either nail or punch them, put on a little 
touch and wipe in a similar way to a cistern or 
sink. A few inches must be wiped on the 
bottom at the points O O. 

Sometimes grooves are cut in the woodwork 
so that the seams can be wiped flush at the 



shoulders. Instead of soldering up the sides at 
the shoulders some plumbers will boss them up* 
This is a good method to adopt, but takes a 
little longer to do. A, light wooden lid has next 
to be covered with lead, and when in its proper 
position and soldered, and the outer lid screwed 
on, is as shown in section by Fig. 487. The 
lead on the top edges is let into rebates, as 
shown in sketch section, so that it is not seen 
on the outside when the outer lid is screwed on. 
Another way for cutting out the lead for 
lining a coffin is shown by Fig. 488. Students 




Fig. 4S8. 

would better understand these problems if they 
were to cut out paper patterns, on the lines here 
laid down, fold them up, and thus find out the 
parts to be soldered. 

I have never made a coffin entirely of lead, 
nor heard of any present-day plumber who has. 
Some years ago during the repairs to the 
chancel of a very old church, I was tempted to 
take off my coat, crawl through an opening in 
the floor, and amongst a mass of old broken 
stones, parts of skeletons, decayed wood, &c, 
eventually came across a lead coffin, which is 
shown by Fig. 489. The examination was made 




Fig. 489. 

in a very hurried manner, and by means of wax 
tapers for light. The lead was in very good 
condition, and the mask worked to the features, 
as shown in the figure. It was evident that the 
lead case was made in two halves, the join 
being in the centre, as shown at A, but whether 
the seam was soldered or burnt together I could 
not discover. On tapping wiih the knuckles 
the sound was such as to lead one to think that 
the body inside was either embalmed or encased 
with so ne kind of cement. This opinion was 
strengthened by the fact that, although the 
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figure was laying amongst rubbish and broken 
stones, there were no bruises or indents of any 
size. On sitting with the head o. the figure 
between my knees — I could not get at it any 
other way — 1 found I could easily lift it up. 



From this I judged the total weight to be 
about 80 to 100 pounds. I do not suppose any 
of us will ever be called upon to encase a dead 
body, but the above is interesting as showing 
the skill of the plumber ages ago. 



LEAD BOSSINQ 



FOR the same reasons that were given for 
leaving the programme of these lectures to 
describe coffin work, I now propose to deal with 
the subject of lead bossing on the class of work 
generally met with on roofs. Constructive lead 
work has been dealt with in previous lectures. 
To the manipulation of the metal we shall now 
confine ourselves. To begin with n bossing up n 
corners in sheet lead. It is only really first 
class plumbers who know bow to boss up a 
corner. Hundreds of young plumbers make 
woeful efforts, slaving away, perspiration pouring 
off their bodies in vain attempts to do them as 
speedily as older men. In my own class room, 
and others that I have visited, I find a large 
class of headstrong students who will persist in 
making their work as difficult as possible to do. 
They very rarely indeed succeed in making a 
respectable looking corner without spending as 
much, or more, time in working out the tool 
marks as in the actual bossing. Want of 
thought is at the bottom of all this. Most 
young men are always in a hurry to begin boss- 
ing, and do so before they have properly 
prepared their work. As an example, we 
will assume a 6 in. corner has to be worked up 
on a bay for a lead flat. They will open out 
their piece of lead on a floor or platform covered 
with grit or rubbish, which cuts into or scratches 
the lead, thus injuring it, and then begin 
flattening it with a dresser. Probably the latter 
has a much worn and hollow face, so that at 
every stroke the lead is marked and disfigured. 
They then will set out their work marking the 
proper distances, or within half an inch or so, 
using a rule with the ends protected by pieces 
of brass by which they make the distance 
marks, and at the same time cut a considerable 
depth into the surface of the lead. If these 
marks come in certain positions there the lead 
will frequently tear. They will then get a piece 
of board or lath, not caring whether it is 
straight or not, lay it on the marks, and with 
the point of their pocket knife, compasses, or an 
iron nail, scratch the lines where the lead is to 
be folded. The next usual proceeding is to 
take a mallet and sharp chasewedge and go 
over the lines, cutting into the lead, thus 
weakening it, where it should have been 
strengthened. They will then pull up the sides 



in a slovenly way, again set in the angles, per- 
haps not quite on the same lines as at first 
and then begin bossing up the corner. By the 
time they have been working about half an 
hour the corner will appear as shown by Fig. 
490. The corner at A is dragged away from its 
proper position owing to the absence ot any 
stiffening creasings. The sides are so bent that 
the shape of the piece of work is entirely lost, 
and in the endeavour to straighten them the 
lead is contracted in some parts, thus further 
distorting the shape of the bay. When placed 
in its position it has to be re-worked and re- 
dressed to fit, the lead being either reduced in 
some parts to the utmost extent, or broken in 
the angles in the endeavour to stretch it to its 
position. Again, when bossing the corner, the 
lug B is left on to the very last If the young 
plumber were to count the number of blows 
made on this lug, which is afterwards cut off 
and thrown amongst the lead cuttings, he would 




Fig. 49a 

probably find that he has spent an amount 
of energy equal to what would have been 
necessary to boss up two such corners. 
And this without any advantage to anybody, 
but to his own disadvantage owing to the un- 
necessary strain upon his physical powers. 
These strictures are not intended for all 
plumbers, but for those who are headstrong or 
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thoughtless, as the case may be, and try to be 
men all at once instead of slowly and patiently 
working their way upwards in the craft. This 
is the only way by which they can reach the 
highest pinnacle of eminence. 

We need not further describe the weak points 
when bossing up corners in sheet lead, as 
usually exhibited by student plumbers, but pro- 
ceed at once to describe the proper methods to 
be followed. In the first place it should always 
be borne in mind that no marks, scratches, or 
bruises should ever be made in the material 
used. When moving sheets of lead from one 
place to another the outer fold is frequently 
damaged. The damaged part, and also the 
corner on which the sheet number, size, and 
weight are stamped, should be cut off and thrown 
among the cuttings. The floor, or platform, on 
which the sheet is opened should be perfectly 
even, all grit and dirt carefully swept away, and 
if the floor is made of wood which is much worn 
so that the nail heads stand above the surface, 
these nails should be driven in with a hammer. 
With an uneven floor it is difficult to unroll a 
sheet of lead, but with an even floor the* unrolling 
is easily done, and the lead lies so that it is not at 
all necessary to dress or otherwise flatten it out. 
As they sometimes have to stand on the lead 
the men should not have hobnails in their boots, 
and so-called steel brads are worse than nails 
in that they cut more into the lead. One strict 
foreman, under whom the writer worked some 
years ago, insisted upon slippers being worn 
because of this injury to the metal by nailed 
boots. After the sheet has been opened out the 
proper and exact sizes of the pieces should be 
measured on it, within half an inch or so means 
either a waste of material if cut too large or a 
spoilt piece if too small, the points made with a 
piece of chalk, not scratched with the corner of 
the rule, and a well chalked line used for mark- 
ing the cutting out lines. When cutting out 
large quantities of sheet lead it is best to use a 
long handled knife, with a cord attached for the 
assistant to pull, as shown by Fig. 491. The 
cutting corners are shown square, this being 
preferred by most plumbers to the knife with a 




Fig. 491. 

spear head point, although some men prefer the 
latter. The lead should be cut right through, 
and not just scratched on the surface. When 
the latter is done there is more trouble when 
rolling up the piece cut out and the edge is 
stretched. If the piece of lead is very narrow 
it will be found to have become bent when 
again unrolled prior to using, hence the neces- 
sity of cutting through the lead and thus avoid- 
ing the distortion caused by tearing when only 



half cut. Some plumbers will break off the 
piece of lead by bending it backwards and for- 
wards on the cut lines. When the lead is to be 
used on a roof the pieces should be rolled up 
moderately tight, otherwise they will get out of 
shape when being moved about. Room should 
be left tor passing a cord through the rolls 
either for hoisting purposes or for lifting about 
when on the roof. 

We will now assume that the lead has been 
cut out and hoisted on to a roof ready for laying 
on a flat, that no injury to the lead has taken 
place, and a 6 in. corner has to be bossed up on 
a bay similar to that shown by Fig. 49a The 
roll of lead should be first opened on a flat roof 
(which has been carefully swept and any stray 
loose nails picked up), made smooth and even 
by means of a remnant of lead formed into a 
'•flapper," as illustrated by Figs. 313 and 402 in 
earlier lectures, and then marked out to the 
proper dimensions to tit the intended position. 
This is shown by Fig. 492. The dotted lines 
C C and D D are 6 in. from the sides, these 
being for turning up against the walls; £ £ 
being 4 in. from the edge for turning over a 
wood roll on the flat If the square piece at the 
co.-ner, F, was cut out and the sides folded up 
the corner would have the appearance that it 
ought to have when completed. Of course, it 
would not be watertight, but the illustration is 




Fig. 492. 

used to show that this piece of lead is super- 
fluous. If it was cut out a corner could not 
easily be bossed up, and if left on more time is 
taken up when working, ?s pre-stated. In most 
cases the lead is so worked that the corner, 
when finished, is a great deal thicker than the 
other parts. In aggravated cases this super- 
fluous lead is driven into such hard lumps that 
it is almost impossible to work them out again, 
or to remove the unsightly marks so as to turn 
out a respectable looking piece of workmanship. 
All this can be avoided by cutting away the lead 
not actually necessary. If the compasses are 
set to a radius of 5 j in., and with the corner of 
the piece of lead as a centre the quarter circle 
shown at F is marked on it, the piece cut out on 
the line shown by the quadrant will be found to 
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leave more than enough for bossing purposes. 
In fact, when properly done, the small gusset 
piece left in the angle will be cut off on com- 
pletion of the corner. We will confine our 
attention to this corner and deal with the other 
one afterwards. After cutting out the piece of 
lead lay a stout board, or a piece of deal 
quartering, which should be quite straight, 
across the sheet a quarter of an inch inside the 
line D D, and pull up the end of the bay until 
it stands upright. This should be done at one 
pull, and without getting it out of straight or 
out of shape. Then lay the quartering near the 
line C C, * in. from it as before, the end being 
close to the line D D, and pull up the side in 
the same manner as the end. The whole of 
the side should be pulled up, and not a portion 
only, otherwise the side will not be straight. 
In the case of a very long bay, or a gutter, two 
or three pairs of hands should pull up at once, 
a signal being given when all are ready. If not 
successful the first time the side should be 
pushed down again and dressed quite flat, and 
then the pulling up repeated. It is not at all a 
bad plan to place a straight edge under the 
edge of the lead for the men to pull up, and 
thus ensure the stand up being straight. By 
placing the deal quartering a short distance 
inside the chalk lines they are not ob- 
literated, and the angle to be afterwards 
set in is slightly hollow underneath. After 
the sides have been pulled up the plumber 
should "set them in." That is, go over the 
lines with a good hornbeam dresser and a heavy 
mallet. The dresser should be in good condi- 
tion and have the setting-in edge quite straight, 
but the ends slightly rounded. Otherwise they 
will dig into and make thin places in the lead. 
The dresser should also be a good length, so 
that the setting in is quite straight and in one 
continuous line, instead of a series of irregular 
marks. Men are often seen attempting t,o do 
the setting in by means of a chase wedge. 
This cannot bi too strongly condemned. On 
looking at Fig. 492 it will be noticed that at 
G G there aie no setting-in lines shown. Of 
course, they would be in practice, but in this 
case they are omitted as the plumber should 
miss those parts and not set them in. The 
lead has to stand up for bossing the corner, and 
it is generally found to Le convenient to fold it 
up, as shown by Fig. 490, the folding being 
done at the position where the angles are not 
set in, as shown at G G, Fig. 492. 

When setting in angles the plumber's 
assistant plays an important part. He should 
have a " holding-down stick," which consists of 
a short crutch, with a notch in the bottom end. 
The notch being placed on the edge of the 
stand up lead just over the part being set in. 
At each stioke of the mallet on the dresser the 
mate pushes downwards with all his force. 
This aids the plumber to crease the lead with- 
out weakening it in any way. The plumber can 
also make a much straighter angle by the above 
assistance than without it After the angles are 



set in the stand up sides and end should bo 
made quite straight, the bay folded on the parts 
G G, as shown at Fig. 493, and the outsides of 
the set in angles dressed straight and to a fairly, 
but not too, sharp arris. This tends to thicken 
any parts that have been reduced in substance 
when setting in. Stiffening creases should now 
be made as shown by dotted lines. These to 
be done on the outside, a mallet and bossing 
stick being used, and the creases being about 
four or five inches from the sides. Those at 
H H can be made by means of a blunt chase 
wedge. The plumber can now commence 




Fig. 493- 

working up the corner. Most men will use a 
mallet for this and will hold a hand dummy 
inside. The latter is worse than useless, in that 
it marks and disfigures the inside of the corner, 
and the corner cannot be worked up properly 
by means of a mallet unless it is used sideways, 
or one especially made for the purpose, with a 
kind of blunt tomahawk head. Men who use 
mallets generally drive the lead into buckles 
and lumps and fill the corner with unsightly 
tool marks. Any lead-working tool that is made 
of hard wood, the grain of which is used end- 
ways, wants very carefully using, and in the 
hands of an unskilful worker is very injurious 
to the lead. To boss up a coi ner in sheet lead 
there is no tool equal to a boxwood bossing 
stick, shown by Fig. 494. This tool is used 
lengthways, that is, the lead is hit with the side. 
It takes some little practice to use this tool pro- 
perly. The beginner uses it as if he had a 
wooden arm, tne only joint being at the shoulder. 
After a little practice most of the work comes 
from the arm below the elbow, but a skilled 
workman does most of the work from the wrist. 
Improperly used, the bossing stick makes the 
muscles of the arm ache very much, but with 
practice it is an easy tool to work with. To get 
on with our corner : place the left hand inside, 
nothing else is required, and with the bossing 
stick in the right hand begin tapping on the 
corner about half an inch from the bottom near 
J. The actual point where the sides and corner 
meet should not be touched with the tool until 
the corner has been bossed up and is being 
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dressed straight on completion. The first few 
taps should be made downwards, with a 
tendency to drive some of the lead towards the 
point of the angle. The following strokes of 
the bossing stick should be towards the left 




Fig. 494. 

hand in a direction as if the lead was being 
dragged on to the left wrist. During the whole 
time when working the corner the sides must 
not be allowed to open out. After some little 
time has been spent on the work the corner will 
appear as shown by Fig. 495. If pains have 
been ta*ken with the working, the corner, so far 
as it has been done, will not have any tool 
marks of any significance, and those not ex- 
tending more than an inch or so on the sides. 
The thickness of the lead at the corner will be 
neither more nor less than on the un worked 
parts. Some plumbers would now be able to 
cut off a small portion of the superfluous lead, 
but a young plumber will probably have driven 
too much into the corner and will be wondering 
where he is going to get sufficient to complete 
it. The corner must not be wotked to a sharp 
arris, but should be slightly rounding, and left 
so until the finishing is done. 

The corner can now be finished, when it will 
have the appearance shown by Fig. 496. The 
small lug at K can be cut of), and by holding a 
bard boxwood dresser tightly and firmly against 
the inside, and planishing the outside with a 




Fig. 495. 

small hand-dresser, having a smooth and 
slightly rounded face, the whole of the tool 
marks can be worked out in a very short space 
of time. The angle should be left quite straight, 
and of the same roundness as those in the sides 
and which meet at the point. 

Just a word on using " touch " on the bossing 
stick. This should never be done as it makes 
the tool slip off the lead, so that it cannot be 
dragged. The work and tool are also made 



dirty. This getting onto the hands, and 
eventually onto the dress, does not add to the 
plumber's personal appearance. My assistants, 
or mates, were always taught to wash all box- 
wood tools and keep them clean and in good 
condition. When working on roofs during 
wet weather they were sometimes rubbed over, 
after washing, with a rag dipped in linseed oil 
to prevent them becoming soaked with water 
and so soft as to be almost useless. 

Referring again to Fig. 492, the corner at L 
should be cut out as shown by the dotted lines. 
This corner has to be bossed up to the height 
of the wood roll and hollowed on the outside 10 




Fig. 496. 
fit. When finished it will have the appearance 
shown at M, Fisf. 496 and 497. After the two 
corners have been bossed up the bay should be 
laid down flat, the sides, which were opened out 
when the end was stood up for the plumber to 
d-> his bossing, pulled up, and the angles set in. 
The sides to be made straight, the bay laid in 
its position between the roll and side wall, and 
a piece of board Uid on the stiffening creasings. 
By jumping on the board these ridges, as they 
appear on the surface, will be pushed down, 
and at the same time the sides will be forced 
against the walls and roll respectively, when all 




Fig 497. 
that remains to be done is to straighten the 
angles and sides, dress them against the side 
and end walls and the undercloak so as to fit 
dose round the wood roll, nail the edge and 
work the roll ends. 
A great many country plumbers would be 
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astonished if they saw what some of those who 
work in London, Newcastle, Glasgow, and 
some other large towns can execute in lead. If 
they were told that a long length of pipe could 
be bossed out of sheet lead they would wonder 
how it could be done; but if they were told 
that not only a length of soil-pipe, but several 
branches out of it could be so made, they would 
feel inclined to doubt the statement. We will 
now deal with such a problem and explain the 
proceedings. The example is taken from an 
actual piece of workmanship that was exhibited 
by a journeyman plumber a few years ago at 
the London Agricultural Hall. 

A sketch of the finished piece of work is 
shown by Fig. 498. Large numbers of plum- 
bers saw it and admired it very much. Some 
were doubtful as to the genuineness of the 
statement that it was made out of a strip of 
lead about 34 ft. long by 18 in. wide, without 
any soldering, burning, or other means of join- 
ing. The rolls at the sides show the lead that 
was to spare, and also that the piece could have 
been continued to a greater height and have 
had more branches if the plumber had cared to 
go on working. The plumber did not explain 
to his admiring audience how he managed, or 
describe the proceedings or methods he adopted. 
Speaking Irom memory, the piece of work stood 
about 5 ft high, the end, A, was about 7 in. in 
diameter, the base, B, 9 in., and the four 
branches, C, D, E and F, about 5 in. across. 
There are several ways for beginning such a 
piece of work, but the simplest would be to 
measure the length of lead required, the dimen- 
sion being taken all round the outside, as shown 
by the dotted lines. The rolls at the sides are 
unnecessary and only left on to show that the 
work could have been continued. The only 
limit to this being the length of the sheet out of 
which the lead has to be cut. The width of the 
lead to be guided by the diameter of the intended 
piece of work. Roll up the ends of the lead 
and fold it as shown by Fig. 499, the piece being 
stood on the floor ready for beginning to do the 
bossing. Hold the head of a good sized box 
mallet inside the part G, and with the side of a 
small bossing mallet, or a bossing stick, begin 
working the edge of the lead inwards, as shown 
by the upper arrows. After a few inches have 
been worked down, it will be found that a hard 
piece has gathered into a buckle at H. Part of 
this should be cut off and then the bossing con- 
tinued to J, when it may be found necessary to 
cut off a further piece similar to the first. Again 
proceed as be lore until the desired length has 
been obtained. Fig. 500 shows the bossing 
completed at K, and the lead again folded ready 
for another branch. Treat this as the other one, 
then again fold the lead as shown by Fig. 501, 
and boss this up in the same manner. After the 
other branches have been worked- up, the whole 
to be shaped as shown by Fig. 498, and the side 
of the main trunk to be worked down in a 
manner similar to the branches. The whole of 
the working to be done whilst the lead is laying 



on the floor. After one side has been com- 
pleted the whole to be turned over, the worked 
side being on the floor and the un worked side 
uppermost. To prevent the piece of work get- 
ting out of shape it may be necessary to place 
blocks under the ends of the branches to sup- 
port them. Begin at the top, which is repre- 
sented by A, Fig. 498, and work it down to the 
first branch. Boss the side of this branch down 
to the trunk which should then be worked to 
the next branch, and so on until the whole is 
completed. If the base is flanged, as shown 
below, B Fig. 498, care must be taken not to 
thin the lead in the angle. To prevent this, 
some of the lead should be dragged in from the 
margin. After proceeding so far, cut holes in 
the ends shown by A, C, D, E and F, work them 
out to the sizes of the branch pipes. To prevent 
the lead getting thin round the holes, the edges 
should be driven inwards to thicken them as the 



Fig. 498. 



Fig. 499. 
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Fig. 500. 



Fig. 501. 



holes ate increased in size. Another way would 
be to saw off the closed ends of the branches, 
but this would shorten them a little. A good, 
heavy hand dummy, with a straight head, can 
now be held inside the various parts and the 
outside planished with a hard boxwood dresser 
with a slightly rounded face. When carefully 
worked the whole of the piece would have the 
lead of an equal thickness throughout and the 
tool marks entirely obliterated. Some plumbers 



Digitized by 



Google 



LEAD BOSSING. 



29 



will do the .atter by means of rasping and 
shaving, but this is a very unsatisfactory pro- 
ceeding. A student plumber at the Polytechnic 
bossed up a 4 in. cross piece out of a piece of 
5 lb. lead, as shown by Fig. 502. Although it 
was bis first attempt at such work, he succeeded 
in making it in a very creditable manner. This 
was made out of a round piece of lead. He 
first made it in the form of a balloon, or pear- 
shaped, this was then bashed on the bench to 
flatten opposite sides which made it the shape 
as shown by the dotted lines in the figure. The 
internal angles were then worked into the proper 
shape, the three closed ends worked out, a box- 
wood mandril pushed through and all tool marks 
planished out with a dresser. 

Another example ot skilful lead bossing is 
when a 4 in. pipe has to pass through a lead roof 
and it is not desired to solder the two together. 
In this case the stand up lead has to be dragged 
from the flat part laying on the roof. Such a 




Fig. 502. 



Fig. 503. 



piece was described in an earlier lecture and 
illustrated by Figs. 306 and 307. 

A still more difficult piece of work, almost 
similar to the last, is shown by Fig. 503. The 
centre should be bossed up first as for a round 
pipe and then made square afterwards. The 
sketch is taken from an actual piece of work- 
manship, the centre pipe and sides being 6 in. 
high, the piece of lead being 2 ft 9 in. in 
diameter before commencing, and weighing 
6 lbs. per superficial foot. When making the 
centre part it is a good plan to boss up the pipe 
an inch or so higher than the 6 in., then make 
the upper portion square, after which lay a soft 
piece of wood on the top and drive it down- 
wards with a heavy mallet, partly set in the 
bottom angles and then drive down again as 
before. By doing this two or three times and 
dragging some of the lead from the bottom or 
flat part, into the angles, the lead will not be 
reduced in substance in any part, although some 
places will be slightly thickened. After doing 
this a few times, the piece of work will look 
like that shown by Fig. 306, excepting that the 
centre pipe will be square on plan. 

Before describing the outside portion of the 
work shown in the figure we had better deal 
with a similar, but more elementary problem. 
When laying lead on roofs the stand-up parts of 



the lead have frequently to be bossed to fit 
round projections such as chimney stacks, sky- 
lights, dormers, trap-doors, &c The lead 
standing up in an internal angle is called a 
" corner," but when against an external angle it 
is called a " break." The angles shown at A A, 
Fig. 503, are also called breaks. With a corner 
there is an excess of lead, as has been explained, 
but with a break it is the opposite. Where a 
corner and a break come close together part of 
the surplus lead in the one can be worked into 
the other to make up the deficiency, but not to 
so great an extent as sometimes consideied. 
Where the break is at some considerable 
distance from the corner then the whole of the 
lead to form the break has to be worked in 
Ircm some other part We will now deal with 
such a case. Let Fig. 504 represent a piece of 
lead, the shaded part laying on a flat roof, and 
the thick line representing an external angle of 
a wall, against which the lead has to stand up to 
to a height of 6 in. The thin line is the edge of 
the lead for turning up. If the piece ot lead, B, 
was cut off on the thin line there would not be 
sufficient left for bossing purposes. If the 
student takes a piece of stiff paper, marks it as 
shown in the figure, cuts off the piece B, and 
then on the dotted line C he can turn up the 
two sides, when he will find that a piece of lead 
6 in, x6 in. is wanting, as shown at D, Fig. 505. 
If cut on the dotted line £, Fig. 503, and then 
turned up, a piece of lead equal to 6 in. x 6 in. 
would still be wanting. This piece should be 
taken from B, in other words, should be left on 
instead of being cut off. We know the size 
necessary to fill up the gap shown at D, 
Fig. 505, and this size should be marked on the 
corner, B, Fig. 504, as shown by thick dotted 
lines at F. If cut out exactly as shown the lead 
would tear in the corners G G, when being 
worked, and, to prevent this, gusset pieces 
should be left on as shown in the figure. This 
will give an excess of lead over what is wanted, 
but it is best, as the student generally gets the 
edge of the lead, when working it, so thin as 
to break it, and has to cut off this thin selvage 
to prevent the tear getting larger. As he gets 
more skilful and experienced this does not 
occur. With a good workman this excess of 
lead i3 worked in so that the break is slightly 
thicker than the other parts of the lead. As a 
good specimen of workmanship this extra 
thickness would be a blot on it; but it may be 
urged that in practice a break is fixed against a 
sharp corner of stone, or against brickwork, and 
the lead would be less liable to be cut or other- 
wise injured if made a little thicker in the 
angle. 

When bossing up a break the first thing 
after cutting out the lead to the proper shape, 
is to set in the bottom angles. This should be 
done very lightly, the lead being laid hollow or 
the side held up by the assistant so that the 
lead does not lay solid on the bench, floor, or 
roof, as the case may be, and the plumber can 
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just crease the angles without bruising or cutting 
into the lead. Neither should the angles be 
sit in very sharp. When working the break 
the lead is driven inwards in such a way that 
the bottom angles are sometimes buckled, and 
on working these out the angles will crack and 
eventually open. After the bottom angles have 
been creased sufficiently to show the intended 
shape of the piece of work some plumbers will 
pull up the sides, or stand-up parts, and thus 
make a bad beginning in that the piece of lead 
is at once put out of shape. The plumber 
should stand the piece of lead on its side or 
end, as may be most convenient, and begin 
working the break. The tongue piece at F, 
Fig. 504, should be folded inwards, as shown at 
H, Fig. 506, and the outside of the fold worked 
in the direction shown by the arrows. The 




Fig. 504. Fig. 505. 

tongue should not be held firmly down or the 
lead would become thickened, but should be 
allowed to slowly open out, which it will do 
when working the lead. The tongue should be 
again folded and the working repeated, but the 
lead now to be driven more towards the base of 
the intended angle. The tongue part will now 
become so that it cannot be folded, and must 
be worked down with a smooth bossing stick. 
The most important point to bear in mind is 
that the edge of the lead tongue part, as we 
have termed it, shall always be in advance of 
the other parts. It this is not done the lead 
will become reduced in substance between the 
outer edge and bottom angle. When once the 
lead has been reduced in thickness it is very 
difficult to thicken it up again, and any thin 
parts are always liable to break, even when the 
plumber is working two or three inches away 
from them. This will apply with more force 
when it is explained that a thin place often has 
a very thick part adjoining, and working on the 
thick places has more effect on the edges than 
on the centre. For these reasons a bossing 
stick is preferable to a mallet, the lead being 
more uniformly worked by the former. As 
the centre portion of the break is travelling 
towards its position the sides, J J, should be 
folded with the hands. It these 'sides are 
knocked in with tools the end of the stand-up 
will become stretched, so that on completion it 
will be found necessary to re-set in the bottom 
angle, and in numbers of ca^es the lead is torn 



when doing this. As a matter of fact, the lead 
sides beyond the dotted lines should not be 
touched with the tools when working up the 
break, and only require to be dressed straight 
on completion of the work. On this, it may be 
added, that if the plumber attempts to drag 
some of the side lead into the break he is in 
constant trouble, and has to frequently lay the 
piece of lead down to get it into shape again. 
In such cases the corners, K K, are made short, 
as shown by dotted lines, and the bottom angles 
have to be again set in on quite different lines 
to those originally made. By being in too 
much of a hurry, sometimes when trying to be 




Fig. 506. Fig. 507. 

quick, the piece of lead has become so much 
out of shape that some parts have to be 
stretched to get it back again, and the lead thus 
reduced in substance. 

If the piece of work has been commenced as 
above described, and a light bossing stick used, 
the student plumber will have little difficulty in 
making a very respectable looking break with 
very few tool marks; but if he attempts to use 
the mallet, or even a heavy bossing stick, and 
goes in for " slogging," he will find that twice 
the time has to be spent on what he is doing 
than when done in the proper way. It only 
remains to be said that the break must be kept 
hollow, as shown by Fig. 507, until the com- 
pletion of the working, and not made into a 
square angle until being finished off. If the 
break should be so worked as to stand up J in. 
or 1 in. higher than necessary, the surplus lead 
can be worked in by driving the top edge 
inwards, as shown by the arrows, and thus use 
it to thicken the angle instead of cutting it off. 
There are a great many more details in this 
problem that could be mentioned, but the 
great difficulty in writing is to make them 
clear. The student plumber would learn more 
in a few hours practice than he could in reading 
a book full of description. If he intelligently 
carries out what has been written above other 
portions of the problem will fill in as »he pro- 
ceeds with his work. His first attempts should 
be slowly and carefully made, the effect of each 
stroke of his tool watched, and the movement 
ot the lead noted. In the class-room it has 
frequently been noticed that by standing at a 
student's elbow and directing his actions a 
really good piece of work has been executed at 
the first attempt, but ask him afterwards to 
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make a similar piece, and leave him to his own 
resources, a woeful failure has resulted. Hence 
the above remarks about practice being all 
important We will now deal with a break 
and corner combined. 

Fig. 508 represents such a piece of work when 
completed. When the corner and break are 
nearly close together some of the surplus 
material of the former can be worked into the 
latter, but it is very difficult indeed to get 
the whole of the surplus of the corner 
worked into the break. To set out the lead 
for such a piece of work, as shown by 
Fig. 508, the above must be borne in 




Fig. 508. Fig. 509. 

mind, otherwise, too much witl be cut out of the 
break. It must also be remembered that it is 
easier to manipulate the lead from the free, or 
outside edge, than from any other part of any 

{) ece of work of this kind. Fig. 509 shows the 
ead set out ready for cutting and working. 
The thick lines are the sides, or stand-up parts; 
the thin dotted lines show the setting out, and 
the thick dotted line the part to be cut off. 
The lead should be first creased with mallet 
and dresser on the thick line and then stiffening 
creases made on* the other side of the lead. 
The side M should then be folded up, the fold- 
ing being continued on the thin dotted line to 
the end. The piece of lead will then be as 
shown by Fig. 51a The straight dotted lines 
in the latter figure represent the angles that will 
be on completing the work. After standing 
the piece of lead on its side, end, or any other 
position for easy working; the plumber will 




Fig. 51a Fig, 511. 

begin by bossing the part shown by carved 
dotted line at N. This will stiffen the corner 
and help to prevent it being dragged out cf 
shape in the manner described and illustrated 
at A, Fig. 490. The plumber will then gradually 
work the lead into the internal angle— that is 
the break, by easy stages, following the instruc- 
tions given lor Figs. 506 and 507. When doing 
this the corner will be found to open out a little, 
when it will be found necessary to boss it up a 
little higher, and so on from time to time until 
the work is completed, as shown by Fig. 508. 
Instead of folding the sides of the piece ot 



lead ready for bossing as abofe explained, a 
great many men will do so on the chain line, 
shown on Fig. 509. The break can be worked 
up a little quicker this way, but the job will be 
a poor one in that the stand-up part will be 
short, as shown by dotted lines at O, Fig. 508, 
and more lead would be cut of! the bossed 
angle. By working as described for Fig. 510 
this is avoided. 

When a break and double corner, as shown 
by Fig. 511, have to be bossed up the task is 
not at all difficult. After setting out the piece 
of lead, creasing the angles, and putting in 
stiffeners, the corner should be folded up, as 
shown by the chain line on Fig. 509 (excepting 
that the latter figure does not show the other 
side to form the second corner), and the two 
corners bossed up about 1} in. to 2 in., as shown 
at N, Fig. 51a Sometimes this bossing is 
carried too far up, with the result that the lead 
which has to be worked into the break is left 
projecting like the outside of an inflated bag. 
On attempting to work this bag inwards the 
lead is knocked into a lot of hard lumps and 
buckles, the bottom creasings to form the angles 
are pushed o it ot shape and the task is rendered 
doubly d.fficult to execute. Although the cor- 
ners should be first started, only sufficient should 
be bossed up to render them so rigid that they 
cannot be dragged out of shape, as pre- 
described, when working on the other parts. 
The corners should not be completed until 
the break has been finished. 

A piece of bossing often met with is shown 
by Fig. 512. This is much more difficult to do 
than any of the preceding examples, especially 
when the breaks are some distance in and not 
very far apart The setting out of this is shown 
by Fig- S l 3' The whole of the piece of lead 
should be used, although some'plumbers will cut 
out a small piece, as shown by the curved dotted 
lines. The lead should be set in as described 
for the other examples, and then folded on the 
lines P, P, P. The plumber to commence work- 
in.* from the centre, driving the lead downwards 
and inwards at the same time. After the centre 
part has been worked back to its intended posi- 
tion the corners to be started as described for 
Figs. 510 and 511, and then the breaks worked. 
If care is not taken when bossing the piece of 
lead it will be found that the angle formed by 
the line R, Fig. 512 and 513, will become very 
much out of shape, and to get it back to its 
position the lead has to be reduced in substance. 
This is sometimes carried to such an extent that 
the lead is torn. 

The remark has been made that where a 
break and corner come close together part of 
the surplus of the latter can be worked into the 
lormer, "but not to so great an extent as some- 
times considered." No two plumbers work 
alike, each one has a peculiar way of his own. 
An unskilled plumber will have the thinnest 
parts of bossed breaks at the corners, S, S, 
Fig. 512 and 513, that is if he succeeds in work- 
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ing them without tearing the lead. With a 
bkilled plumber this is not so, and the lead is 
generally of an uniform thickness throughout. 
But with plumbers of all kinds there is generally 
a weak place in a bossed lead break, and that 
place is mostly to be found where shown by the 
star, Fig. 512. This position being not far from 




Fig. 512. F G. 513. 

the angle, shows that, in spite of endeavours 
made, the surplus has not been worked from the 
corner to the extent sometimes considered. 
The top edge of the stand-up lead may be kept 
an equal thickness but the part mentioned is 
frequently found to be thin. At exhibitions of 
plumbers' works, the judges generally test that 
part of a break with their thumbs and find it 
yield to a very gentle pressure when not properly 
made. 

In the examples, of bossing breaks, that we 
have dealt with we have assumed that in each 
case the piece of lead has been large enough 
for the purpose, and there has been a 
free edge on which the plumber could work, so 
as to drive in sufficient material for his purpose, 
without it being necessary to reduce the sub- 
stance of the other parts. But there are cases 
where such is not the fact and one portion of 
the lead has to be robbed of its thickness to 
provide sufficient for another purpose. Such an 
example is shown by Fig. 514. This represents 
the piece of lead bossed up and laid on the floor 
of a bell turret, which is supported on posts. 
The lead having to be worked up to fit round 



the posts, which are 6 in. by 6 in. thick, and also 
round the curb of a trap-door. In each case 
the lead was worked up as if to fit posts round 
in section and a much larger size, as shown at 
T, T. When placed in its position the lead was 
worked back to the posts, but was dragged from 
the flat parts to get sufficient to stand up 6 in. 
high. The other portions of the figure show 




Fig. 514. 

the work completed. A great deal of skill was 
necessary to do this without breaking the lead, 
but the whole work was satisfactorily done and 
all parts left as nearly as possible of an uniform 
thickness, although much thinner than before 
being worked. From what has been said it 
will not be necessary to refer to the outer 
portion of the piece of lead shown by Fig. 503. 
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TI7E can now return to the subject of w.c's 
VY and deal with the various details that 
have to be considered in connection with their 
arrangement. We may premise lurther state- 
ments by saying that for years past advanced 
sanitarians have known 01 certain evils in 
connection with our subject, and have tried 
to remedy tbem. But they have only been 
able to carry out their improvements on 
a very small scale. The various Acts 
of Parliament referring to the public 
health have done a great deal in certain direc- 
tions to improve the sanitary condition of the 



people. But they have in many cases either 
been only partly acted upon or remained 
dead and inoperative. Neither were they explicit 
enough in their statements. In numbers of 
cases they have been interpreted according to 
the wishes of the reader rather than to the 
spirit of the intentions of the legislature. The 
outcome of all this has been the passing, for 
London, in 1891, of a Public Health Act. 
Section 39 of this Act states : " The County 
Council shall make bye-laws with respect to 
water-closets, earth -closets, privies,ashpits, cess- 
pools, and receptacles for dung, and the proper 
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accessories thereof in connection with buildings, 
whether constructed before or after the passing 
of this Act" Acting on these powers the 
London County Council in June of this year, 
1 893, issued their bye-laws. These bye-laws have 
evidently been drawn up with great care and 
speak well for the Council's advisers in the 
matter and their efforts to thoroughly grasp the 
various subjects, including water-closets. With- 
out committing oneself to the statement that 
the various details covered by the Council's bye- 
laws are perfect, we may take them as being 
nearly so. And although they are drawn up 
especially for the County of London, they are 
equally applicable to other towns and places; to 
engineers, either in public or private practice. In 
this statement it is not forgotten that various 
towns may have excellent bye-laws of their own, 
drawn up to suit the requirements of the 
localities. As the regulations are generally 
applicable we will now deal with those portions 
which refer to the subject of our heading. 

With regard to the position of water- 
closets, Clause 1 states : " Every person who 
shall hereafter construct a water-closet . . . 
shall construct such water-closet ... in such 
a position that . . . one of its sides at least 
shall be an external wall . . . which external 
wall . . . shall abut immediately upon the 
street, or upon a yard or garden or open space 
of not less than one hundred square feet of 
superficial area, measured horizontally at a 
point below the level of the floor of such closet. 
He shall not construct any such water-closet so 
that it is approached directly from any room 
used for the purpose of human habitation, or used 
for the manufacture, preparation, or storage of 
food for man, or used as a factory, workshop, 
or workplace. Nor shall be construct any earth- 
closet so that it can be entered otherwise than 
from the external air." These are 'most excel- 
lent arrangements and will get rid of a very 
common evil. We sometimes find W.c's fitted 
up in bedrooms with only a thin wooden enclo- 
sure to screen them from view. In some 
mansions the w.c's are recessed in bedroom 
walls, with doors to look like cupboards. In 
numbers of cases we find a bath-room con- 
taining a w.c, the door of the room opening 
into a bedroom. There are bouses, occupied 
by wealthy people, with a w.c. in the scullery, 
the only light or ventilation to the closet being 
obtained from the scullery. We need not go 
through a long list of unsuitable positions for 
w.c's, but simply add that there are numbers 
of work-rooms with a w.c. enclosed in a corner, 
and it is not at all uncommon to find such 
fittings in bakehouses. 

Wherever a water-closet " abuts on a room 
intended for human habitation, or used for the 
manufacture, preparation, or storage of food 
tor man, or used as a factory, workshop, or 
workplace, it shall be enclosed by a solid wall 
or partition of brick or other materials extend- 
ing the entire height from floor to ceiling." 



The evils of hollow partitions for separating 
water-closets from rooms have been referred to 
before, and an example was shown in Fig. 451. 
If the partitions must be so that air cannot pass 
through, it follows that ceilings should also be 
in a similar condition. This is very important 
when water-closets are situated beneath bed or 
similar rooms. We often find a cistern over a 
water-closet and no ceiling whatever over it 
There are also examples, where pipes are 
enclosed in wooden casings, through which 
smells in water-closets are carried by air 
currents to other places. The spirit of the 
above bye-law intends that there shall not be 
any openings whatever through which air from 
a water-closet can pass into any part of a 
house where it would be obnoxious or injurious 
to the people. 

Referring to outside closets, the bye-law 
states : "He shall provide any such water- 
closet that is approached from the external air 
with a floor of hard, smooth, impervious 
matetial, having a fall to the door ... of ^ in. 
to the 10 ft." We frequently find these outside 
places with wooden floors in various stages of 
decay, and it is very difficult to prevent this 
decay owing to the floors being laid close to 




Fig. 515, 



the earth and having no ventilated air-space 
beneath them. Good Portland cement concrete, 
trowelled to a smooth surface, makes very good 
floors. A further advantage is to make the 
angles hollow next to the walls, as shown by 
Fig* 515- If the closet-basin is one of the kind, 
that was referred to in a previous lecture, 
which can be fixed clear of the floor, the latter 
can be washed clean without any difficulty what- 
ever with water and a broom. 

Decency is provided for by the paragraph 
which states that "He shall provide such 
water-closet with proper doors and fastenings." 

The last paragraph of this fast bye-law 
states : " Provided always that this bye-law 
shall not apply to any water-closet constructed 
below the surface of the ground and approached 
directly from an area or other open space 
available for purposes of ventilation, measuring 
at least 40 superficial feet in extent, and having 
a distance across of not less than 5 ft, and not 
covered in otherwise than by a grating or 
railing." 

The second bye-law states that " Every per- 
son who shall construct a water-closet in con- 
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nection with a building . . . shall construct 
in one of the walls of such water-closet . . . 
a window of such dimensions that an area of not 
less than two square feet, which may be the 
whole or part of such window, shall open 
directly into the external air. He shall in addi- 
tion to such window cause such water-closet 
. . . to be provided with adequate means of 
constant ventilation by at least one air brick 
built in an external wall of such water-closet 
. . . or by an air shaft, or some other 
effectual method or appliance." When lectur- 
ing on Fig. 451 the evils of a small window 
were mentioned, and here it need only be stated 
that an ill-lighted closet is generally found to be 
very dirty and the w.c seat fouled by improper 
usage. Ventilation of the apartment is a very 
important problem. In the first place, the ven- 
tilation should go on independently of the rest 
of the house. Provisions for the circulation 
of air in the closet can be made, but success 
depends upon the people who use the place 
closing the door behind them. So long as the 
door is open air will be found to pass inwards 
through the open window or ventilating gratings 
thus blowing any smells hovering in the closet 
into the house. When the door is closed the 
air will circulate in the closet, provided there 
are two openings into the external air, passing 
inwards through one opening and outwards at 
the other. These openings should be placed as 
far distant as possible, and at different levels. 
It is never safe to say which shall be the inlet 
and which the outlet, unless mechanical ventila- 
tion apparatus is fixed, as the direction of 
the air currents will frequently be found 
to change. But of this we need not take 
any notice so long as the air in the apartment 
is continually being changed. To prevent 
careless people leaving the door ajar it is 
advisable to fix a spring for closing it. 
There are excellent springs to be bought by 
which the doors are closed slowly but firmly. 
Ordinary back springs are very objectionable. 
Children's fingers and ladies' dresses frequently 
come to grief by their use. Referring again to 
the ventilating openings through the external 
wall, it may be added that they should always 
be placed where a cold current of air passing 
inwards would not be objectionable. Where 
there is little or no choice with regard to position 
of the openings, so-called Tobin tubes, some of 
the patent ventilators, or carefully adjusted de- 
flecting plates, can be used for directing the air 
currents from playing on to a person in the 
closet. Whatever is used should be made 
easily removable. Dust will often accumulate 
inside and should be frequently cleared away. 

Bye-law three states "That every person who 
shall construct a water-closet in connection with 
a building shall furnish such water-closet with a 
cistern of adequate capacity for the purpose of 
flushing, which shall be separate and distinct 
from any cistern used for drinking purposes, 
and shall be so constructed, fitted, and placed 



as to admit of the supply of water for use in 
such water-closet, so that there shall not be any 
direct connection between any service pipe 
upon the premises and any part of the apparatus 
of such water-closet other than such flushing 
cistern." 

Unfortunately for us Londoners we cannot 
use " a cistern of adequate capacity for the pur- 
pose of flushing " owing to most of the Water 
Companies' regulations limiting the quantity to 
two gallons. All we can do is to make use ot 
the allowed quantity to the best advantage, but 
where there is no limit a better flush should be 
arranged. We should also select an apparatus 
that ensures the whole of the flush being 
utilised. These details were dealt with in* 
earlier lectures, see the text accompanying Figs. 
469 to 477. In several previous lectures refer- 
ences were made to the pollution of drinking 
water by being in connection with w.c appara- 
tus. A very common way is shown by Fig. 
451, where not only the flushing pipe to the 
basin, but also the waste pipe connection with 
the trap, are the means by which bad air can 
be conveyed into the cistern. Other examples 
are sometimes met with where the service pipe 
from a cistern has branches connected with 
w.c's flushed by underseat valves, similar to 
Fig. 469, also to taps over sinks for supplying 
drinking water. A tap being opened on a 
lower floor will sometimes prevent water passing 
into a w.c at a higher level when the handle is 
raised. In some cases when the two valves are 
opened at the same time air will be sucked into* 
the pipe through the upper valve, and if this is 
connected to a w.c the water in the pipe 
becomes polluted. In this case, if the closet 
trap happened to be choked and the basin full 
of slops or other offensive matter, this would be 
syphoned into the service pipe. There are 
numbers of ways by which drinking water can 
be contaminated by connections with w.c's, so> 
that it becomes imperative to carry out the bye- 
law in its entirety. The only exception allowed 
is when the cistern " is used solely for flashing 
water-closets or urinals." 

Another instruction in this (No. 3) bye-law is 
that the pipes and unions from flushing cisterns 
" shall not in any part have an internal diameter 
of less than one inch and a quarter." The value 
of this regulation will be understood when it is 
explained that sometimes very light lead pipe is 
used, and in the hands of an unskilled plumber 
the necessary bends are so crippled and con- 
tracted in the throats that the waterway is 
reduced to the detriment of the flush to the 
w.c. With great numbers of the cheaper kinds 
of flushing cisterns the union connections to the 
bottom, for joining the flushing pipes, are much 
smaller than their nominal size. This again 
interferes with the value of the water flush. 

Water-closets without water are an abomina- 
tion, but strange to say there are places in Lon- 
don v/here such is the case. The bye-law states 
"He shall furnish such water-closet with a 
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suitable apparatus for the effectual application 
of water ... for the effectual flushing and 
cleansing . . ." This regulation will com- 
pel householders to have proper flushing 
apparatus to each w.c The writer has found 
w.c's which were never flushed excepting when 
someone threw down a pailful of water. In 
other cases be has seen w.c's that were flushed 
by means of waste pipes from sinks. In one 
row of houses some years ago the writer found 
the only flushes to the w.c's were the overflow 
pipes from the cisterns which held the drinking 
water. To flush the w.c the person had to 
reach over the top of the cistern to pull out the 
standing waste pipe and then replace it Such 
abominations it is hoped will now be swept 
away. 

With regard to the w.c basins, or apparatus, 
they must be made of "non-absorbent material, 
and of such shape . . . as to receive and 
contain a sufficient quantity of water, and to 
allow all filth ... to fall free of the sides 
thereof and directly into the water ... He 
shall not construct or fix under such pan, basin, 
or receptacle, any 'container' or other similar 
fitting." This section will get rid of the long 
hopper basin, pan closet, and such like fittings 
that advanced sanitarians have condemned for 
several years past The same bye law insists 
upon " an efficient syphon trap so constructed 
that it shall at all times maintain a sufficient 
water seal between the pan, basin, or other 
receptacle and any drain or soil pipe in connec- 
tion therewith. He shall not construct or fix in 
or in connection with the water-closet appara- 
tus any D trap or other similar trap/ In 
previous lectures the writer dwelt for some con- 
siderable time on traps ot all kinds, those men- 
tioned in the bye-law included. If the reader 
refers back to the text accompanying the illus- 
trations 220 to 283 inclusive, he will find the 
" D trap " and " other similar traps " described! 
also others of a better kind, and it is not neces- 
sary here to repeat what has already been said 
on the subject. Plumbers and sanitary engi- 
neers will now find that their hands are 
strengthened when dealing with crotchetty or 
obstinate clients. There are several even in 
this advanced age who will insist upon retaining 
some of the objectionable fittings that have been 
condemned in this bye-law. Believers in so- 
called "trapless closets" will doubtless find 
their confidence in those fittings shaken when 
they find that those responsible for the public 
health have condemned their use. Having so 
far explained the leading points in connection 
with our heading, we will now take up the next 
paragraph which deals with what is generally 
known as " trap ventilation." 

"If he shall construct any water-closet or shall 
fix or fit any trap to any existing water-closet or 
in connection with a soil-pipe, which is itself in 
connectfon with any other water-closet, he shall 
cause the trap of every such water-closet to be 
ventilated into the open air at a point as high 



as the top of the soil-pipe, or into the soil-pipe 
at a point above the highest water-closet con- 
nected with such soil-pipe, and so that such 
ventilating pipe shall have in all parts an 
internal diameter of not less than 2 in., and 
shall be connected with the arm of the soil- 
pipe at a point not less than 3 in. and not more 
than 12 in. from the highest part of the trap 
and on that side of the water-seal which is 
nearest to the soil-pipe." This subject was 
dealt with some time ago, and the illustrations 
shown by Figs. 335, 336, and 338 A, clearly 
explain the intentions of this section of the bye- 




FlG. 516. 

law. The student should carefully read the 
text which accompanies the above figures so 
that be may the more clearly understand the 
reasons why the foregoing regulations are con- 
sidered necessary. 

In the illustrations that have been referred to 
the traps are fixed to show certain principles, 
but in practice it will be found that there are 
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numbers of cases where the work is not of the 
character illustrated. Take as an example a 
tier of w.c. 's with so-called S-traps- instead of 
the P.'s shown in the above figures. These 
would be necessary in cases where the branch 
soil-pipes must be fixed under, although the 
traps are above, the floors. Under these con- 
ditions the ventilating pipes would be connected 
as shown at A A, Fig. 516. The trap ventila- 
tion from the w.c. can be carried up separately 
or connected to the pipe from the other w.c. 
traps as most convenient If several w.c's are 
on a single soil-pipe, as shown in the figure, 
it is then an advantage to have two main trap- 
vent-pipes, or if one pipe is used it then 
becomes necessary to increase the size for 
reasons that have been given and need not be 
repeated. 

Fig. 516 shows lead traps to the w.c. basins, 
but there are numbers of fittings which have 
either earthenware traps attached or the basins 
and traps are separate, but both being made of 
the same material. This revives a detail 
mentioned in an earlier lecture, namely, the 
position of the vent connection to earthenware 
traps. Certain objections were taken to the 
common shapes, as shown at A, 6, and C, Fig. 
463, and which are not in accordance with the 
bye-law. D, in the same figure, and the trap 
and basin shown by Fig. 454, are both nearly 
what is required, but it is doubtful if the County 
Council's officers would consider the vent-arm 
as being "not less than 3 in. from the highest 
part of the trap." As a matter of fact, the 
writer only knows of one w.c trap with the 
ventilation arm fixed as shown by the last 
illustration referred to. Unless makers take 
this hint it is very probable they will find a lot 
of their goods rendered unsaleable in London 
owing to this small detail being overlooked. It 
will also be necessary to have the vent-arm of 
such a kind that a reliable joint can be made 
between it and the ventilation pipe. 

With regard to soil-pipes, the fourth bye-law 
states : " Any person who shall provide a soil- 
pipe in connection with a building to be here- 
after erected, shall cause such soil-pipe to be 
situated outside such building; and any person 
who shall provide or construct or refit a soil- 
pipe in connection with any existing building, 
shall, whenever practicable, cause such soil-pipe 
to be situated outside such building, and in all 
cases where such soil-pipe shall be situated 
within any building shall construct such soil- 
pipe in drawn lead, or of heavy cast-iron, jointed 
with molten lead and properly caulked." In 
earlier lectures the writer dealt with soil-pipes 
and the advantages and disadvantages of fixing 
them both internally and externally. If the 
reader refers to those earlier lectures he will 
find the arguments used and thus save repetition 
here. The bye-law insists upon the outside 
position, and we are bound by this regulation. 
The caulked joints to iron pipes were described 
in the lecture on iron drains, and illustrated by 



Fig. 357 J DUt for soil-pipes the joints would be 
vertical instead ot horizontal. 

Dealing with the strength and sizes of these 
pipes the bye law states, " He shall construct 
such soil pipe so that its weight in proportion 
to its length and internal diameter shall be as 
follows" : — 



Diameter. 


LEAD. 

Weight per xoft. 

length. 

Not less than— 


IRON. 

Weight per 6 ft. 

length 

Not less than — 


3} in. 

4 „ 

5 „ 

6 „ 


65 lbs. 
74 „ 
92 „ 
no „ 


48 lbs. 

54 n 
69 „ 
84 „ 



By working out the given weights for the lead 
soil pipe it will be found that the thickness of 
the sides is o*i 18 in., this being generally known 
as 7ID. lead, that is, equal to sheet lead weighing 
7 lbs. per superficial foot, and not as weighing 
that number of pounds per foot in length of 
pipe. The table gives the lowest weight 
that is allowed, but there is no limit to heavier 
pipes being fixed where desired It may be 
added that very few first class plumbers fix pipe 
so light as given in the table, 8 lbs., 9 lbs., and 
10 lbs. per foot superficial being the more com- 
mon weight for soil pipes. The weights given 
for iron soil pipes are very light, and only suit- 
able for the very lowest class of work. The 
thickness is not 3-i6ths'ot an inch, and anyone 
who has had any experience in fixing cast-iron 
pipes knows that about half that thickness 
is all that can be depended upon. Eighty to 
ninety per cent of iron soil pipes are found to 
be very thin on one side, and correspondingly 
thick on the other. The pipes appear to be all 
right as seen at the ends, but a pair of long 
calipers must be used to discover the weakness 
referred to. Neither will pipes of this weight 
resist the caulking of the lead joints unless very 
carefully done. In this case, too, the bye-law 
will allow heavier pipes being used, and this 
should be where the work is to be done in a 
thorough manner. 

The bye-law further states, "Every person 
who shall provide a soil pipe outside or inside a 
building shall cause such soil pipe to have an 
internal diameter of not less than 3J in., and to 
be continued upwards without diminution of its 
diameter, and (except where unavoidable) with- 
out any bend or angle being formed in such 
soil pipe, to such a height and in such a posi- 
tion as to afford by means of the open end of 
such soil pipe a safe outlet for foul air, and so 
that such open end shall in all cases be above 
the highest part of the roof of the building to 
which the soil pipe is attached, and where prac- 
ticable be not less than 3 ft. above any window 
within 20 ft. measured in a straight line from 
the open end of such soil pipe." 

The first portion of this clause is also permis- 
sive. The sizes of the soil pipes can be any 
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size between 3J in. and 6 in. in internal diameter, 
but not less than the first named. It is not 
necessary to repeat the arguments that were 
used some time ago in reference to sizes of soil 
pipes, but simply say here that only in very ex- 
treme cases is it necessary to use a larger pipe 
than 4 in. in diameter. Above that size a large 
amount of incrustation will form inside. So we 
may accept as an explanation of the regulation 
that the smaller soil pipe should be used in 
ordinary dwelling houses, and the larger pipes 
only in exceptional cases. The latter portion 
of the above regulation will lead to some con- 
troversy in the near future if carried out with 
strictness. The interpretation is very difficult, 
and those anxious to carry it out will experi- 
ence some difficulty. If all houses had flat 
roofs there would be no trouble in the matter, 
but there ate large numbers of slated and tiled 
roofs where the pipes must have bends in them 
to get to the desired positions. There are cases, 
too, where some portions of the roof are higher 
than others, and the rule may require a long 
length of pipe with several bends in it to get to 
"the highest part of the roof of the building to 
which the soil pipe is attached." The clause 
states, in parenthesis, "except where unavoid- 
able," but opinions are bound to differ on this 
point. To further explain this, a case occurred 
where an architect designed a building and had 
the soil vent pipe fixed as shown by Fig. 517, 
the pipe being hid behind the coping of the 
gable, as shown by dotted lines at A. The 
inspector insisted upon this being taken down 
and carried up straight, as shown by firm lines 
at B, and this in spite of the architect's protest 
as to the ugly appearance it presented. 




Fig. 



517. Fig. 518. 

Although this was not done under the County 
Council's bye-laws, there is reason for thinking 
that something similar will occur under the new 
rules. All that we, as plumbers, can do is to 
consult the proper officers in such cases, and so 
avoid having to alter any work that we may 
have executed. Architects, too, will have to 
give more thought to the positions of water 
closets if they do not want their houses to be 
disfigured with unsightly pipes, propped up 
with long stay rods or other fixings, showing 



above the eaves of their houses. Bends in ven 
tilation pipes are very objectionable, owing to 
the friction they cause, and thus impede the 
velocity of the air passing through. An example 
of unnecessary bends is shown by Fig. 518, 
which was sketched from a house only a few 
doors from the example shown by Fig. 517. 
The pipe was of zinc, 3 in. in diameter, and had 
nine mitred elbows, some at right angles, as 
shown by the sketch. By cutting away the 
string course at Y and the cornice at X, seven 
of these elbows could have been avoided. And 
then, again, elbows are always objectionable; 
easy bends, made as shown by Fig. 285, should 
be made instead. 

Fig. 332 illustrates a wire grating for fixing 
on the top ends of soil ventilator pipes, and 
which meets the regulation, "He shall furnish 
the open end of such soil pipe with a wire-guard 
covering, the openings in the meshes of which 
shall be equal to not less than the area of the 
open end of the soil pipe." From this it is 
evident that cowls of any kind are not allowed 
to be used on soil pipes, nor any ends made as 
shown by Figs. 333 and 334. The objections to 
such arrangements will be found in the text 
accompanying the latter figures. 

When iron soil pipes are fixed the bye-law 
stipulates, "in all such cases where he shall 




Fig. 519. 



Fig. 52a 



connect a lead trap or pipe with an iron soil 
pipe or drain he shall insert between such trap 
or pipe and such soil pipe or drain a brass 
thimble, and he shall connect such lead trap or 
pipe with such thimble by means of a wiped or 
over-cast joint, and he shall connect such 
thimble with the iron soil pipe or drain by 
means of a joint made with molten lead, 
properly caulked." The joint between a 
leaden soil pipe and an iron drain was described 
in an earlier lecture, and illustrated by Fig. 
295. In that case a copper thimble was 
described, and it may be urged that copper 
would last much longer than brass in positions 
where a corrosive action would set up. Good 
gun metal is far superior to brass for this 
purpose, especially when brass of the common 
" pot metal " description is used. The joint of 
a lead trap or pipe with an iron soil pipe is not 
quite like the one shown by Fig. 295. Assum- 
ing the iron soil pipe to be of the description 
given in the table, the connection would in 
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some cases be as shown by Fig. 519. B is a 
leaden trap, C and E wiped soldered joints, D 
a short piece of lead soil pipe, F the brass 
thimble caulked into the socket of the iron 
branch G of the soil pipe. Joints in this 
position would be very difficult to make in a 
satisfactory manner, owing to the one usually 
made last, namely, the brass thimble to the 
iron, being in the centre of the wall. The 
joint in this position, but under the floor, has 
been mentioned in an earlier lecture, see Fig. 
289. The proper position for these joints, and 
which is usually adopted by leading plumbers 
and engineers, is outside the building. Fig. 
520 will make this more clear. In this case H 
is the lead pipe from the trap of the w.c., and 
J the brass ferrule with a wiped soldered joint 
to the lead pipe and caulked lead joint to the 
iron pipe. It is highly probable that, to meet 
the requirements of this bye-law, (makers will 
manufacture special Y branches for iron soil 




Fig, 521. 

pipes, so that the caulked lead joint would be 
inside the inner face of the bouse wall, and thus 
do away with the short piece of lead pipe and 
joint, C and D, Fig. 519. If such iron branches 
are manufactured in the future they should 
have special branches for connecting the 2 in. 
trap ventilation pipe, so that a brass ferrule and 
soldered and caulked lead joints can be made 
as described for the soil pipe. Fig. 521 illus- 
trates the suggestion. The branches should 
be bent as shown in the figure, for the reasons 
given when lecturing on lead soil pipes. The 
vent junction could be as dotted lines, so that 
the vent pipe would not be in the way of the 
service pipe to the w.c. basin. 

For years there has been a question as to what 
should be considered the best method for joint- 
ing an earthenware fitting to a leaden pipe. 
Patents innumerable have been taken out for 
this, and some of them have been referred to in 
these pages. Figs. 456 to 462, inclusive, repre- 
sent various kinds of joints, some patented, in 
common use for joining earthenware w.c. traps 
to lead soil pipes. A brass socket soldered on 
to the lead pipe is shown in section by the first 
named figure and referred to in the writing 
beneath. It is here re-drawn, Fig. 522, partly in 



elevation and partly in section, so as to make 
the construction more clear and to illustrate the 
bye-law which states : " In all such cases where 
he shall connect a stoneware trap or pipe with 
a lead soil pipe, he shall insert between such 




Fig. 522. 

stoneware trap or pipe and such soil pipe a 
brass socket or other similar appliance, and be 
shall connect such stoneware trap or pipe by 
inserting it into such socket, making the joint 
with Portland cement, and be shall connect 
such socket with the lead soil pipe, by means 
of a wiped or overcast joint." By this latter 
phrase we may safely assume that the wiped 
joint is intended to be a " plumber's wiped 
soldered joint." 

The joint of an earthenware trap to an iron 
soil pipe is described as follows: "In all cases 
where he shall connect a stoneware trap or pipe 
with an iron soil pipe or drain, be shall insert 
such stoneware trap or pipe into a socket on 
such iron soil pipe or drain, making the joint 
with Portland cement" Comment on this is 
not necessary beyond the statement that care 
must be taken when selecting a trap to be used. 
A great many of those in the market are much 
too short on the outgo so that it will not enter 
the socket the necessary distance for a reliable 
joint to be made without the risk of the cement 
escaping into the pipe, or leaving a hollow 
space in which filth can accumulate. The iron 
junction shown by Fig. 521 would be very suit- 
able where a w.c with an earthenware P trap 
was to be fitted, and the vent arm would be in 
the proper position to answer the requirements 
of the bye-law referring to trap vent pipes. 

The final clause of this, the fourth, bye-law 
states : " He shall so construct such soil pipe 
that it shall not be directly connected with the 
waste pipe of any bath, rain water pipe, or of 
any sink other than that which is provided for 
the reception of urine or other excremental 
filth, and he shall construct such soil pipe so 
that there shall not be any trap in such soil pipe 
or between the soil pipe and any drain wiih 
which it is connected." Although some of the 
details in this bye-law have been referred to in 
previous lectures, we will briefly review some of 
them. The first being the question of a bath 
waste pipe connected to a soil pipe. The evils 
of this may be enumerated as follows. Baths 
are frequently left unused for a considerable 
length of time, and the water evaporated out of 
the traps allows air from the soil pipe and 
drains to escape into the house; hot water from 
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baths. frequently injures the soil pipes to such a 
serious extent that they have to be renewed in 
the case of lead and the joints re-made where 
iron is used; if any stoppage takes place in the 
soil pipe sewage will, in some cases, flow back 
into the bath or the safe beneath it; any air com- 
pression in the soil pipe will frequently result 
in intermittent smells in the bathroom. With 
regard to rain water pipes connected to soil 
pipes, the former almost invariably have the top 
ends situated near windows, roofs, and other 
openings into the house and drain air escaping 
from the pipe is carried by air currents into the 
house. In numbers of cases rain water pipes 
are supposed to act as soil pipe ventilators, but 
there are times, during a rainfall, for instance, 
when no ventilation can go on. Air cannot 
very well pass up a pipe at the same time that 
water is falling down, or through, it, and when 
ventilation is arrested several evils can occur. 
The third point mentioned in the bye-law refers 
to a very vexed question, namely, that of slop 
sinks. We will not now go into the whole 
details of these fittings, but just mention a few 
which bear on our present subject. When 
slop sinks are connected to soil pipes some of 
the evils occur as mentioned when dealing with 
bath waste pipes. But slop sinks used for 
receiving excremental filth cannot be treated as 
ordinary sinks, by disconnecting the waste pipes 
from the drains. The sinks under these con- 
ditions must be looked upon as water-closets, 
and be treated in the same manner, That is, 
they should have waste pipes fixed under all 
conditions as soil pipes; or the sinks should be 
connected to the soil pipes, and have flushing 
cistern attachments. In these cases there 
should not be any hot water taps fixed over the 
sinks. But it would be much better not to have 
slop sinks for receiving excremental filth. 
There are numbers of water-closets made with 
41 slop tops " to them especially for the purpose, 
and they should be used. These remarks apply 
to private houses only. Infirmaries, hospitals, 
and such establishments, require especial treat- 
ment. Slop sinks used for ordinary waste water 
and bedroom slops, containing only a small 
percentage of urine, should have separate waste 
pipes, disconnected ftom the drains, and not be 
connected to soil pipes. 

The portion of the bye-law relating to traps in 
soil pipes must not be taken as it reads, as, if 
so, there would not be any tiaps under the 
w.c's. The meaning of the sentence is that 
the soil-pipes shall be connected to the drains 
without the intervention of any traps at the 
points of junction. Authorities do not all agree 
on this matter, but with this we have nothing to 
do. Our duty is to obey the law as it is laid 
down. 

The foregoing bye-laws refer principally to 
new constructions. Repairs and alterations to 
old, or existing work have to be carried out on 
the same lines as for new work. This is pro- 
vided for in the fifth bye-law, which reads as 



follows : " A person who shall newly fit or fix 
any apparatus in connection with any existing 
water-closet, shall, as regards such apparatus 
and its connections with any soil-pipe or drain, 
comply with such of the requirements of the 
foregoing bye- laws as would be applicable to 
the apparatus so fitted or fixed if the water- 
closet were being newly constructed. 11 This 
regulation is very far reaching, and there may 
be some difficulty in gauging its full extent 

To explain this, we will assume that a w.c. 
apparatus with a "container or other similar 
fitting" falls out of repair. The plumber is 
expected not to " newly fit or fix " this apparatus, 
as it is not in accordance with the stipulations 
contained in the third bye -law. As pan closets 
and D-traps are generally found together it 
follows that the trap must also be renewed or 
changed for one of a better description. The 
term " newly fit" may, perhaps, be intended to 
apply to any kind of repairs to an objectionable 
w.c fitting, and if so, it may mean that no 
plumber must attempt to do any kind of 
repairs to such fittings. To carry this to an 
extreme, it may be urged that if a pan w.c. 
flushed by means of a service-box, with cranks 
and wires, should have one of the wires broken ; 
the wire ought not to be repaired, but the whole 
of the fitting should be changed for one that is 
more satisfactory and conforms to other bye- 
laws. Even if this is going beyond the inten- 
tions ot the authorities, which is doubtful, it is 
not too drastic in its working. The slightest 
reason should be sufficient for getting rid of 
anything that is injurious to health. The bye- 
laws are drawn up for the especial purpose of 
improving the public health, in this our own is 
included, and they should not be evaded in any 
way. 

Several of the bye-laws which follow the last 
one we have dealt with, have no reference to 
plumbers 1 work, so we need not deal with them. 
The next one of interest to us is the fourteenth, 
which states : " Every person who shall intend 
to construct any water-closet, earth-closet, or 
privy, or to fit or fix in, or in connection with 
any water-closet, earth-closet, or privy, any 
apparatus or any trap or soil-pipe, shall, before 
executing any such works, give notice in writing 
to the clerk of the Sanitary Authority." A first 
reading of this bye-law leads one to think that 
notice to the clerk of the Sanitary Authority is 
only necessary to be given when entirely new 
work is being contemplated; but on a second 
reading it appears as if this notice was neces- 
sary in all cases, including old work which it is 
found necessary to renew either in the whole or 
in part. This latter reading may not be quite 
right owing to the absence of the word " exist- 
ing" after the second word "any," in the 
sentence. The only way to clear the matter up 
will be to give notice and apply to the Sanitary 
Authority for their interpretation of this bye- 
law. This is a very wise precaution to take, 
and is made more impressive by the final, or 
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28th bye-law, which deals with penalties, and 
reads as follows : " Every person who shall 
offend againt any of the foregoing bye-laws 
shall be liable for every such offence to a 
penalty of five pounds, and in the case of a con- 
tinuing offence, to a further penalty of forty 
shillings for each day after written notice of the 
offence from the Sanitary Authority. Provided, 
nevertheless, that the Court before whom any 
complaint may be made, or any proceedings 
may be taken in respect of any such offence 
may, if the Court think fit, adjudge the payment 
as a penalty of any sum less than the full 
amount of the penalty imposed by this bye-law." 
This clause is very far reaching, and may be 
read as including the person for whom the work 
is executed, the person engaging to do the work, 
and the workman who executes the work. If 
this reading of the bye-law is correct it behoves 
all concerned to be careful as to their proceed- 
ings, and, so that they shall not err in ignorance 
to always consult the proper authorities before 
proceeding with any work that is dealt with in 
these bye laws. 

We will now proceed to deal with the fixing 
of a valve w.c apparatus and all the details in 
connection therewith. Fig. 523, which represents 




Fig. 523. 

one in a tier, will help to make the subject more 
clearly understood. The apparatus, A, is similar 
to that illustrated by Fig. 479. The valve box, 
B, has a ventilation pipe, C, which is generally 
known as a " puff-pipe," continued through the 
external wall to the outer air. The outer end 



of this pipe should be slightly opened with a 
tanpin and two copper cross wires soldered over 
to prevent anything getting in. Some plumbers 
will work a small bead on the end of the pipe 
to give it a more finished appearance. The pipe 
should be fixed sloping as shown in the figure 
and the outer end should be higher than the 
top of the w.c If this is not done the outrush 
of air, when the basin is flushed, will sometimes 
carry a small Quantity of water with it. On no 
account should the puff pipe be connected to 
the soil pipe or trap vent pipe. Several times 
the writer has found this done, and when test- 
ing a soil pipe with smoke has found the smoke 
escape through the w.c when the discharging 
valve was opened. Such connection renders 
the trap under the apparatus perfectly useless 
as the puff pipe acts as a by-pass for foul air to 
escape through. The trap vent pipe, D, and 
the branch soil pipe, E, should have the ends 
bent neir the joints so that the junctions may 
as nearly as possible approach the shape of 
bends. This has been referred to before and 
illustrated by Figs. 287 and 288. Where the 
floors, under the w.c, are not made of imper- 
vious material, which is very rarely the case, 
they should be covered with sheet lead. These 
coverings are called "safes" or " save-alls." 
Four or five lbs. lead is quite thick enough for 
this purposes. The safe should be made to 
cover the whole of the floor inside the w.c. 
enclosure. That is, the lead should be close up 
to the side and back walls, the sides standing 
up at least 4 in., and the front at F dressed up 
close to the front, or riser. If the latter is not 
done any water, or urine, getting between the 
basin and the riser will run down onto the floor. 
This is a frequent cause of complaint, with a 
great many water-closets of all kinds, the satu- 
rated woodwork smelling very offensive. The 
riser, too, is sometimes saturated, but this will 
be dealt with presently. The floor under the 
safe should be laid to fall to one of the back 
corners, this corner not being near the flushing 
valve, and a waste pipe, not less than ijin. in 
diameter, fixed as shown at G. The joint of this 
pipe to the safe should be flush, the woodwork 
beneath being dished for this, so that any leak- 
age or overflow irom the apparatus will run to 
and through the waste pipe. The safe should 
have a flush soldered joint to the w.c trap. 
Some plumbers will trust to the putty used, when 
bedding down the w.c apparatus, for making 
this joint tight, but this makes but a poor, un- 
satisfactory job. The usual practice is to fix a 
hinged copper flap on the end of the waste pipe 
at H, but this is far from being a good plan to 
adopt. The hinge of the flap will frequently 
become rigid, even a slight hoar frost is 
sufficient for this, when the waste pipe becomes 
useless. To prevent a strong current of cold 
air passing through, which in the winter time 
will sometimes lead to the water supply pipe, or 
flushing valve, being frozen, a copper hood can 
be fixed over the end. This is sufficient to pre- 
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vent a violent draught but will allow air to 
enter and help to ventilate the space beneath 
the w.c enclosure. This air cannot escape in 
any position to be unpleasant to any user as 
will be described when we deal with the 
enclosure. 

When discussing the London County Council's 
bye-laws, mention was made that the walls or 
partitions of water-closets should be so con- 
structed that no smells could pass through. It 
is equally important that the floors should also 
be air-tight. In addition to this the space round 
the trap, J, should be well packed to prevent 
the rushing noise, made by the water when the 
w.c. is used, being heard on the floor below. 
This noise is sometimes very startling and un- 
pleasant and because of it squeamish people do 
not always flush the apparatus after them. To 
deaden the noise, and prevent it being heard 
below, it is usual to " soundboard and pug " the 
floor, as shown at K. 

When fixing valve w.c. apparatus in new build- 
ings the plumber should always consult the 
architect's plans before proceeding to fix the 
traps. Otherwise the joiners' work will not fit 
the plumbers' work. The plumber should also 
have a sample of the apparatus to work to. 
The reason for this being that with a great many 
valve w.c's the centre of the outlet is not under 
the centre of the basin. The greater number 
vary from J in. to i in. in this, and it may be 
accepted as a general rule that, to suit the appa- 
ratus, the trap should be fixed about i in. nearer 
the left hand side of the closet, when facing 
it, than the other. The centre of the basin will 
then be equi-distant from the side walls and the 
opening in the seat will correspond with it. 
Where there are no architect's plans to work to 
the plumber should then use bis own discretion 
in the other details. One ot the first of these is 
the distance the trap should be fixed from the 
back wall. Generally speaking this distance is 
too short, and very rarely exceeds 13 or 14 inches. 
This would answer fairly well where there are 
no flaps to the enclosures. These flaps are of 
little use ana could be abandoned with advant- 
age in all cases excepting when fixed in bath- 
rooms, but where there are flaps there should 
always be room for the user's dress between the 
holes in the seats and the flaps. A space of 
about 6 in. should be left, see Fig. 523, and it 
will be found that to get this the centre of the 
trap should be fixed from 16 in. to 17 in. from 
the back wall. It is not generally known by the 
joiners, who fix the w.c enclosures, but the 
plumbers should point it out to them, that the 
shape and size of the holes have an important 
bearing on the cleanliness of the w.c. basins. 
The subject is one too delicate to dwell upon or 
to illustrate, and it must be sufficient to say that 
although the bole must be large enough for com- 
fortable usage, it must not be too large so that 
the sides of the basin can be fouled. And 
neither should it be so large that childrcns' 
bodies can project through the opening. When 



children use adult's w.c's it is often found 
necessary to have removable seats with small 
holes to place over the ordinary seats. The 
riser is generally made upright, as shown in the 
figure, and hung on brass butts for easy access 
to the w.c fittings, but when the lower edge is 
further back, so that the riser is sloping, the 
user's heels can be tucked under and thus make 
the whole fitting more comfortable to use, 
especially by people of tall stature. When the 
riser is as suggested, it should be fixed with 
flush brass bolts instead of hinges and have a 
lead apron piece to lap over the front edge of 
the safe. The whole of the bearers and under- 
sides of the enclosure should be painted, 
varnished, or otherwise rendered impervious to 
moisture. The seat should be arranged as 
shown by Fig. 523, wood beads being fixed 
round the basin and bedded down both air and 
water-tight lor reasons that suggest themselves 
to the reader. 

In the lectures on "setting out plumbers' 
work" was described how to show the traps 
and soil pipe for a range ot three w.c's. This 
was illustrated by Fig. 108. There are several 
details in this problem that have not been con- 
sidered, and we will now deal with them, taking 
the evils that we almost invariably find with 
regard to the position of the w.c's and their 
general treatment. In the first place, tanges of 
w.c's are very rarely, or never, fixed in private 
houses, but in hotels, sets of offices, railway 
stations, or places of public resort where people 
of both sexes are in the habit of attending. 
Separate conveniences are almost invariably 
provided, and also separate entrances for each 
sex, but decency is frequently outraged by 
placing the gentlemen's and ladies' w.c's so 
that they adjoin each other, and are divided by 
thin partitions or defective walls which neither 
prevent sound nor smell passing through. In 
numbers of cases ranges off w.c's are found 
with long lead safes extending the whole length 
of the ranges and the partitions or walls not 
continued down to the floors, but having open- 
ings for anything that escapes into the safes to 
flow away to the outlets or waste pipes, which 
are generally fixed at the end of the safes. 
These openings are the evils pointed out above. 
Again, even when the places are used by one 
sex only, it is not at all pleasant when visiting 
those that have the partitions dwarfed instead 
of being continued to the ceilings. Every w.c, 
either single or connected with a range should 
have a separate entrance, airtight partitions or 
walls, safe, ventilating arrangement and light. 
With regard to the latter, numbers of w.c's are 
found with scarcely any light, or perhaps with 
light borrowed, as it is commonly expressed, 
from another w.c or an adjoining room, or 
from a lobby or common entrance to all the 
w.c's. In what has been said it was assumed 
that w.c. apparatus with enclosures to them were 
used. With unenclosed apparatus some of the 
evils enumerated would be visible and not 
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allowed to exist There is not the least doubt 
that the day will come when enclosures to w.c's 
will be considered as bi? nuisances as were 
41 pan M closets. To explain why, we may take 
some of the writer's personal experiences. In 
workhouses, small bottles which had contained 
spirits are sometimes found under the en- 
closures; in theatres, railway stations, exhibi- 
tions and similar places, empty purses, bags, 
and other things; in police cells, small articles 
that doubtless bad been stolen; in hotels have 
been found indescribable articles too numerous 
to enumerate; in private houses, various matters 
that the servants are anxious to keep out of 
sight. From the sanitary aspect, the practical 
plumber has frequent experiences where he has 
been sent for to find out the cause of smells in 
w.c's, and has found the enclosure, apparatus, 
floor or safe, and all in connection covered or 
saturated with slops. But for the enclosure all 
these objectionable details would not have 
occurred. No doubt the reader remem- 
bers that in an earlier lecture the 
writer stated that he considered "valve 
w.c's" as the best and preferable to all 
others and illustrated one with a square top to 
the basin (see Figs. 479 and 523), and will have 
some difficulty in reconciling the use of 
valve closets and the absence of enclosures. To 
remove this difficulty it may be here stated 
that the same apparatus, slightly varied in 
form, and without any enclosure, has been fixed 
in large numbers for some years past by one of 
ourleading firms of sanitary engineers, thus show- 
ing that the idea is not an original one of the 
writer's. When such w.c's are fixed the neces- 
sity still remains for making the floor impervious. 
There are various ways of doing this. If the 
floor is wood it can be covered with lead. The 
back and sides being nailed to the skirting if 
made of wood, or the top edge turned into the 
plaster, if that material is used on the walls, 
and the front edge dressed over and copper 
nailed to a raised fillet fixed to the floor. The 
fixing to the wall is not usually done, and water 
frequently gets behind the safe and leaks into 
lower rooms. A waste pipe fixed from the 
lowest corner to empty into the open air, and 
a brass grating, with a good waterway through 




Fig. 524. 

it, soldered over the pipe end in the safe. 
Where the closet floor is tiled or covered with 
mosaic paving, this is generally continued 
under the apparatus. This paving answers 
very well in private houses, but in places used 



by large numbers of people it is objectionable, 
especially when the w.c's are used as urinals. 
The floors get saturated with droppings and 
smell very offensive. Sometimes the space 
beneath the apparatus is covered with a marble 
slab, the surface being dished to fall to one 
corner, from which a waste pipe and grating is 
fixed. The marble may look very nice, but 
when of a soft kind it will become as offensive 
as the last floor described. There is nothing 
better for this purpose than a good close- 
grained slate slab, although in appearance it 
may not look eaual to marble or tiles. 

A variation of the problem shown by Fig. 108 
is where ordinary pedestal w.c's with the traps 
attached to the basins are used. In buildings 
with so-called fireproof floors it is generally 




Fig. 525. 
considered inadvisable to mutilate the floors or 
do anything that would militate against their 
purpose. With valve apparatus the traps must 
be above the fireproof construction, and in 
some cases it becomes necessary to have a 
step up to the w.c when such apparatus is 
used. Some architects will have a portion of 
the fireproof flooring constructed at a lower 
level so as to avoid the necessity of a step. 
With the pedestal basins, as shown by Figs. 
454 and 519, it is not necessary to cut away the 
flooring, nor to have a step. With fireproof 
floors it follows that no perforations should be 
made for the vertical soil pipe to pass through. 
In large numbers of cases it is impossible to 
avoid this, owing to the walls at the back of the 
closets not being outside walls. In such a 
case the horizontal soil pipe for a range of 
w.c's would be fixed in sight, or if that was 
objected to a false floor, with a step up to it, 
must be made, and the soil pipe fixed beneath it 
unless the floor is sunk lower, as above described. 
It may be added that if the horizontal pipe is 
above the floor its unsightliness would be 
aggravated by the ugly appearance of the 
branches and difficulty of connecting the w.c 
traps, even if they were especially made for the 
purpose. 

Fig. 524, which is a view from the back, will 
make this more clearly understood. Even with 
a range of three w.c's the horizontal pipe would 
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have very little fall and with a longer range this 
would be further reduced. Neither could the 
trap vent pipe be fixed so as to look smart. 

With a false floor, a space between it and the 
fireproof floor, and the horizontal pipe fixed be- 
tween the two the plumber's work would appear 
as shown by Fig. 525, which is also a view from 
the back of the closet With fireproof floors, 
which are also waterproof, it is not abso- 
lutely necessary to have safes under the w.c's. 
Although, when the floors have a spongy surface 
it may be deemed advisable to fix them. But 
when false floors are fixed over the fireproof, and 
are made ot wood, the safes are absolutely 
necessary. 

When a range of w.c'S is fixed against an 
external wall the horizontal soil pipe can then 
be fixed outside, and this is now the common 
practice. Architects do not care to have their 
buildings disfigured with outside pipes, and 
those fixed horizontally cannot be considered, 
no matter how tastefully the plumber may 
arrange and fix them, as things of beauty or 
anything else than right down ugly. But with 
this we have nothing to do. The time may 
come when a protest may lead to an alteration 
in the regulations, but until then we must obey 
the rules laid down.* 

The writer has had several experiences of 
outside soil pipes, and by Fig. 526 has illus- 
trated one of four stacks recently constructed. 
The figure speaks for itself. All the horizontal, 
or more properly speaking, sloping, pipes are 
fixed one inch clear ot the walls. It may here 
be again repeated that dust, &c, will lodge on 
the top of any horizontal pipes, and a shower of 
rain will wash this dust down the face of the 
wall, making unsightly black looking streaks 
whenever the pipes are fixed close to it. When 
the pipes do not fit close to the wall the dust 
falls down and the streaks are avoided. The 
closets used are of the short hopper washdown 
description, with lead P-traps, and all the joints 
are what are called plumbers' " wiped" soldered 
joints. The trap vent pipes are soldered to the 
branch soil pipes a few inches away from the 
outgoes of the traps. In some cases the main 
stack of ventilation pipe is 3 in. and 4 in. in 
diameter, with 2 in. short branches to the traps. 
In other cases the whole of these vent pipes are 
2 in. in diameter, and answer very well indeed. 
But this pipe would be much too small where 
valve w.c apparatus are used, or where a slop 
sink is attached to the same soil pipe. See 
previous lectures for the reasons for this. 

When cast iron soil-pipes are used for ranges 
of w.c's, and these pipes are fixed outside, it is 
usual to have short pieces of lead to connect 
the w.c. traps to the soil-pipe. Fig. 527 is an 
illustration of the outside horizontal soil and 
trap ventilation-pipes for a range of three w.c's. 
The lead being connected to the iron by means 
of brass thimbles, A, A, with wiped soldered 
joints to the lead and caulked metallic lead 

* This refers to the London County Council's regulations. 
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joints to the iron pipe. As in Fig. 526, the trap 
ventilation-pipes are made of lead, the branches 
being connected to the lead soil-pipes by wiped 
soldered joints. Attempts have been made to 
use all iron and not to have lead for either soil 
or ventilation-pipes, or for making connections 
with the w.c. traps. The result has been a 
patchwork looking job and an excessive cost for 
especially made iron castings to suit the work 
being done. If the horizontal pipes were per- 




Fig. 527. 
fectly level the task would be an easy one, but 
as this pipe must have a fall towards the outlet 
the branches must be made to suit the fall, and 
this applies to both soil and trap ventilation- 
pipe-. Then agaip, if iron were used for these 
ventilating-pipes the sizes would have to be in- 
creased above those when lead is used, owing to 
the excessive friction of the air passing through, 
the rough internal surfaces retarding the velocity. 
Neither is iron to be trusted, in the same way as 
lead, for ventilation-pipes, owing to the amount 
of corrosion that takes place inside. Galvanis- 
ing is only of temporary value, and all the known 
protective agents are ot little or no use. It is 
generally thought that any material is good 
enough for soil or drain ventilaiing-pipes, as 
nothing but air passes thiough them. But this 
is a mistake. It is not always pure air that 
passes through. Certain gases that emanate 
from sewage, especially when in a state of de- 



blocks up the pipe, the blockages generally being 
found at the bends and horizontal junctions. 
Some plumbers will fix boxes, commonly called 
"rust catchers," for the reception and easy 
removal of the rust accumulation. When water 
passes through iron pipes with sufficient force 
any iron rust is washed away. With ventilation- 
pipes this does not take place. lion pipes are 
continually being found to be useless owing to 
their being so choked. 

An example of a job with cast iron soil-pipe 
for a range of w.c's, the horizontal part being 
fixed inside the buildings, is shown by Fig. 528. 
The illustration represents an elevation from the 
outside, as would be seen if the back wall were 
removed, of one range, others being fixed on the 
floors above and below. All the branches, B, B, 
being cast from the same especially made 
patterns. The end one at C being a bend with 
a junction for connecting a ventilation-pipe. 
This junction is kept up close to the socket and 
has a bend arranged, as shown, to prevent any 
back wash from the w.c, choking it up and thus 
rendering it useless. The short pipes, D, D, 
are all cast 'rom the same pattern and have the 
sockets especially made to fit the outlet legs of 
the earthenware w.c traps. These pipes being 
reduced to the lengths required by means ot 
" cutters." Fig. 529 is an illustration of these 
and anyone who has much cast iron pipe to cut 
should use them. They soon repay their cost 
by the saving on files. The pipes are cut to any 
exact length and the cut ends are perfectly true. 
When cutting those shown at D, Fig. 528, and 
they are very short they should be fixed on the 
end of a scaftold pole, by means of wooden 
wedges, to hold them rigid. A pipe-vice, as shown 
by Fig. 530, can be used for the longer pipes. 
The scaffold pole is a \ ery good substitute and 
can be fixed in the pipe-vice when one is at 
hand and occasion requires it. 

At E, E, Fig. 228, are doors or caps, which 
can be taken off and rods pushed through the 




composition, have a corrosive, or destroying, 
influence. But a more powerful agent is watery 
vapour, which condenses and runs down inside. 
This, what may be called distilled water, highly 
charged with air, corrodes metals to a very 
serious extent. In the case of iron the rust 
peels off and eventually falls downwards and 



horizontal pipe for the removal of obstructions. 
Some of these junctions with doors are bought 
from stock and have the caps hollow on the 
inside. These hollows are ob ectionable, as 
filth can accumulate in them. The doors or 
caps should have the inner faces flush and 
hollowed to suit the inside of the pipe. Some 
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warehouses keep such fittings. No trap vent- 
pipes are shown in the figure as none were 
fixed in the case from which the illustration is 
taken. The whole of the soil-pipes were fixed 
before the floors were laid. These floors are 




Fig. 529. 

1} in. slate slabs, resting on projections or 
corbels built into the walls. The slabs have 
Portland cement fillets round the edges and 
also round the sockets of the iron pipes to pre- 
vent slops or water running through into the space 
beneath. The horizontal sOil-pipe and branches 
were heavy cast-iron about i in. thick, and all 
the joints made with metallic lead. The joints 
of the w.c traps to the iron sockets were made 
with especially made elastic cement. Before 
fixing the w.c's all the openings were plugged 
and the pipes filled with water to test their 
soundness. 

American practice is not quite the same as 
our English in several things, although a great 
many of the principles on which sanitary work 
is constructed are the same in both countries. 
One great difference is the treatment of waste 
water-pipes. Our English practice is to make 
them empty into or over gully-traps fixed out of 
doors. Not so the American. 

Owing to the extreme cold at certain times 
of the year it would be impossible to follow out 
the disconnection of waste-pipe principle. In 
that country it is the usual practice to connect 
all waste-pipes from baths, sinks, and wash- 
basins to the soil-pipes. If these latter pipes 
were made of lead they would last but a very 
short time, owing to the expansion and contrac- 
tion caused by hot and cold water discharges 
breaking the pipes. This, doubtless, is the 
reason that iron soil-pipes are the rule. The 
various connections of soil and water-pipes 
are made to branches, cast in the main soil-pipe, 
by means of short lead pipes, with brass ferrules 
caulked to the iron and soldered to the lead- 
pipes respectively, as in our English practice. 



When the main stacks of ventilation-pipes are 
made of iron the various trap-vents are con- 
nected in the same manner as the branches 
from the w.c sinks and baths to the main soil- 
pipe. In most American towns all the joints 
must be made as above described, and so-called 
cement-joints are entirely forbidden. In 
this latter detail the American may be con- 
sidered far superior to our English practice as 
followed by the ctass commonly known as 
"jerry," and also by some practitioners who, to 
say the least, have not considered this matter 
in all its bearings. In America .the soil-pipes 
are generally made of cast-iron, and in each of 
the principal towns, printed regulations, which 
contain the weights to be used, are issued for 
the guidance ot plumbers and others interested. 
One large American firm make a speciality of 
wrought iron soil and waste-pipes and fittings, 
all the joints being screwed and coupled 
together with sockets similar to the smaller 
sizes used by us for water and gas. Attempts 
have been made to introduce this class of work 
into this country, but the writer does not know 
with what degree of success. At an interview 
some years ago with the agent for the firm he 
was told that the whole of the work could be 
prepared at the manufactory, taken to the 
building, placed in position, screwed together, 
including the various traps, and the whole com- 
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pleted and fixed before the floors were laid. 
The whole, being so strong and rigid as to be 
self-supporting and, excepting the walls, inde- 
pendent of the rest of the building. 

In some of the leading American towns it is 
usual to apply the water test to all soil-pipes, as 
well as the drains, and this is now becoming 
common practice with some of our leading 
plumbers and sanitary engineers. Years ago 
the writer advocated this way of testing soil- 
pipes and frequently applied it. He also con- 
siders this the only test that will drive jerry and 
inferior work out of the market The theory is 
sometimes advanced that this test is an unfair 
one, and that the pipes and connections are 
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never in practice subjected to such a strain. 
People who argue thus forget that the soil-pipes 
are sometimes choked and filled up with 
sewage. In such cases the plumber's work is 
subjected to the water test, and when of good 
construction successfully withstands the strain, 
although an inferior class of work breaks down. 
We have now arrived at a stage when a 
change of subject is desirable. Water-closets, 
with their attachments, are of such a variety, 



and dealt with as problems become so interest- 
ing that one reluctantly leaves their considera- 
tion for something else. We have dealt w»th 
most of the leading points in connection with 
them, both in these lectures and my book, 
" Plumbing Practice," and at a future time may 
traverse th* subject by dealing with unsanitary 
w.c. arrangements with examples taken from 
actual practice. We will now pass on to 
M baths," their fitting and arrangement 



BATHS. 



UNDER this heading it is proposed to deal 
only with those in which plumbers are inter- 
ested, taking first the ordinary " plunge bath." 
First with regard to shape and size. The two 
commonest shapes are those known as " taper " 
and " parallel." The latter are the most liked, 
there being more room for the bather to move 
about than in the others. More water is 
required for this bath than for the tapering one. 
This is an important item where water has to 
be used economically, or, in cases where the 
hot water supply is not good, and there is trouble 
in getting a hot water bath. Crochetty clients 
have objected to tapering baths under the plea 
that they resembled coffins in shape. Neither 
do tapering baths look so nice as the other 
kind, either when enclosed or fixed without any 
enclosure. To sum up what has been said, 
parallel baths should always be used, excepting 
when the water supply, either hot or cold, is 
limited, in which cases the tapering baths should 
be used. 

The size of a bath is an important detail A 
bath should never be so long that the bather 
cannot press his feet on the bottom end when 
recumbent Cases are not uncommon where a 
person has been drowned in a so-called plunge 
bath. If a feeling of faintness overtakes a 
person when bathing, especially when having a 
hot bath, and he slips down below the water he 
risks being drowned, but when the bath is of 
such a size that when the feet are pressing 
against the bottom end his head is resting 
against the opposite end and above the water 
level the risk is much reduced. A person 
measuring 6 ft. in height can bathe comfortably 
in a bath which measures 5 ft. 6 in. long inside 
the top edge. For ordinary usage by people of 
average height a bath 5 ft 3 m. long at the top 
is quite sufficient The bottom measure in 
each case being about 15 in. or 16 in. shorter 
than that at the top. The foot ot the bath 
should be nearly vertical, but the head should 
be sloping at a comfortable angle for the bather 
to rest the body against If this end is too 



upright the bather's head is pressed onto the 
chest and the breathing interfered with. This 
becomes worse when the knees are raised for 
the purpose of further immersing the body. 

The width of a bath has to be considered in 
cases where the probable users are of stout 
build. Some of the cheap kinds are often 
complained of as being so narrow in the bottom 
part that bathers have been wedged in. The 
writer has had to exchange such fittings for 
others which were more roomy. In a few cases 
he has fixed them made of copper of the 
following dimensions : Length inside at the 
top, 5ft 6 in.; at bottom, 4ft 4 in.; width at 
top, 2 ft 6 in.; at bottom, 1 ft 9 in.; the depth 
being 1 ft 8 in. in the deepest part, which is at 
the foot Such a size is very comfortable to 
bathe in. Much larger baths are sometimes 
used, but it is a mistake to go to extremes in 
the sizes of such fittings. One crotchety client 
has them made almost large enough to swim in, 
they being about 7 ft x 4 ft x 2 ft 6 in. deep. 
People who are in the habit of using cold water 
baths prefer them of a good size. Speaking 
from experience, the writer prefers to plunge 
into a good size cold water bath than to crawl 
into a small one. In one case it is enjoyable, 
in the other it is not so. For ordinary use a 
parallel bath 5 ft. 3 in. long inside at the top, 
and 4 ft at the bottom, by 2 ft 4 in. and 1 ft 9 in. 
in width at top and bottom respectively, is very 
comfortable for use. 

The depth of a bath is also worth considera- 
tion. As a matter of fact, large numbers of 
people never think of comfort when either buy- 
ing or fitting them up. As an example, how 
uncomfortable it is to step into a bath the 
bottom of which is below the level of the out- 
side floor, or into one when the bottom is 
some distance above the floor. To adapt a 
saying by an actor in a play popular some years 
ago, "How unpleasant it is to sit down six 
inches before you know you are going to sit 
down/' and it is equally unpleasant to step into 
a bath of unknown depth. Of course, this 
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applies only to the usage of strange baths. 
People get used to little peculiarities in their 
own domestic arrangements. When fitted up, 
the top should not stand more than about 
i it 8 in. above the floor, and the bottom o! the 
bath should be level with the floor. When so 
arranged it is very easy to step in, provided the 
wooden top, when one is used, is not more than 
3 in. or 34 in. wide. When baths are fixed, as 
they sometimes are, about 2 ft. 4 in. or more 
above the floor, they should have wider rims so 
that the bather can sit on the edge and throw the 
legs over into the water. But when the body is 
wetted this is not so easily done when getting 
out of the bath. To make it easier for getting 
out, it is a common practice to put a step out- 
side the enclosure. This is not at all a good 
plan to adopt, as a bather with wet feet can 
slip and be injured. With these points before 
us we can assume that a bath 1 ft. 8 in. deep in 
itself, and having a depth of water of about 1 ft, 
is about right for all round usage. In special 
cases they can be larger. As examples, in 
large schools, such as the Foundling, and 
similar institutions, where it is a convenience to 
bathe two or three children at the same time, the 
baths should be longer and wider than usual 
but the depth should not be increased. In 
private houses, it has been suggested that those 
of a small size should be fixed for the children's 
use. An objection to this is the children will 
grow in size — eventually requiring full-size baths 
— andafter a few years it would become necessary 
to reconstruct the whole of the fitting. Neither 
should a young child use an adult's bath, except- 
ing under the superintendence of a nurse or 
maid. A shallow, portable one is much more 
suitable for such a case. It is impossible to lay 
down fixed rules for the sizes of baths for all 
purposes, but with the above as a guide, the 
reader can foim a better opinion than he would 
without some such basis to work upon. 

We will now deal with materials for them. 
Plumbers do not now make them of lead, as 
was the common practice, especially in country 
places a few years ago. A great many of the 
cheaper kinds are made of light sheet zinc, 
which is about the most unsuitable material 
that can be used. Such baths, after they have 
been in use for a short time, invariably present 
a wretched, dilapidated appearance. Even 
when supported by a wooden framing, called 
" cradling," the sides will become distorted 
and the bottom sunk into bags so that the water 
will not all flow away to the outlet The reason 
tor this arises from the action of the hot water, 
which softens the zinc to such an extent that 
the pressure of the contained water, added to 
that of the bather, presses the material out- 
wards and downwards in every part not sup- 
ported by the cradling. This latter not being 
close boarded and in contact with the outside 
of the bath in every part, as it should be, but 
being a kind of skeleton framing, does not 
sufficiently resist the internal pressure, with the 



results above named. When zinc is the material 
used it should never be less than &in. in 
thickness. Such baths are made and much 
used in the North of England, and a few find 
their way down South. When made of zinc of 
this substance they do not require any cradling or 
other support of any kind. They can be made 
to any special size and form. Fig. 531 is an 
example of one of several fixed in London, 
although made in Scotland. The skirting at 
the back and one end, the top, with a bold 
rounded nosing in front and at the other end, 
are all made of the same material as the body 
of the bath. These fittings do not requiie any 
enamelling on the inside. When kept clean 
and well scoured, so as to present a bright 
appearance, they look very nice, but when 
neglected their appearance is not so good. As 
the labour of keeping them clean is very con- 
siderable it is best to paint or enamel them on 
the outside when they are to stand without an 




Fig. 531. 

enclosure, but when encased the enamelling is 
not necessary. 

For cheap work tinned iron baths are some- 
times used, and are much better than those 
made of light sheet zinc so far as keeping their 
shape goes. But as soon as the enamelling is 
worn off the iron will begin to rust, especially at 
those parts where the tin has been scraped off 
when removing the surplus solder at the seams, 
and at the holes or perforations, when so 
arranged, over the waste outlet. Because of 
this latter some makers of tinned iron baths 
will insert a copper strainer in the bottom over 
the waste pipe. These are also made to fix 
inside enclosures or to stand without. In the 
first case the top edge has a flat rim, and in the 
latter a so-called " rolled " or rounded rim. 

During these last few years those made ot 
steel have been much used. They are very 
similar in shape to ordinary stock patterns of 
tinned iron baths. The writer has never fixed 
any, but when making examinations of houses 
he frequently comes across steel baths, and 
speaking generally they have appeared to wear 
much better than those made of tinned iron. 

A still later introduction is a steel bath with 
a tinned copper lining. The tinned surface of 
the copper being so highly polished as to 
appear almost like silver. Not having had any 
actual experience with 'this kind no comment 
can fairly be made of its qualities. 

Cast iron baths are now very much used. 
The better kinds will stand a great deal of hard 
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wear and usage, and can be had in a variety of 
forms. Some of the cheaper kinds are 
objectionable with regard to shape and size. 
The enamelling, too, is often so roughly finished, 
and such indifferent materials used, that it soon 
wears off. The iron being exposed and unpro- 
tected rusts and looks unsightly, in addition to 
being uncomfortable to the user. Cast iron 
baths can be had for fixing in enclosures or to 
stand alone. One advantage in their favour is 
they never get out of shape, and do not require 
any cradling or support to prevent the sides and 
bottom from bulging outwards. 

Copper baths are more used than any other 
kind for what may be considered as best work, 
not the poor light ones often met with, and 
which are very little better than light zinc or 
tinned iron for resisting internal pressure, 
but good strong baths made out of sheet copper 
weighing two to two-and-a-quarter pounds per 
superficial foot, or about Nos. 19 or 1 8 Birming- 
ham wire gauge. When properly made these 
would last almost for ever, and the enamelling 
could be renewed as often as it became shabby- 
looking. 

A word or two on so-called "enamelling," 
sometimes known as "japanning," baths. The 
article is coated with ordinary lead paint, 
ground in oil, and mixed with copal or other 
suitable varnish. The bath is then " stoved," 
that is, placed in a closet heated to a very high 
temperature to thoroughly dry the paint, which 
is then "rubbed down," as painters call it, and 
a fresh coat applied on the top of the other 
when the stoving is repeated. According to 
the quality of the work successive coats are 
added, and finally two, three, or four coats of 
copal or amine* varnish without driers are put 
on and dried. The stoving is an important 
detail. Unless this is thoroughly done, and at 
a temperature much higher than boiling water 
the enamelling will soon come, or wash, 
off in the bath. When one is sent to the 
enamellers to be re-coated, plenty of time, say 
two to three weeks, should be allowed for the 
operation. If too much hurried the result is 
not at all satisfactory. The best makers are 
very particular in this matter, and when good 
materials are used and plenty of time allowed, 
the enamelling will expand and contract, with 
the varying temperatures of the water, to 
the same degree as the metal work of the bath. 
If the enamelling does not expand and con- 
tract to the same degree as the metal, it 
will crack and look unsightly after being in use 
but a very short time. Baths enamelled inside 
should not be left with the water standing in 
them. Even a piece of wetted soap left in the 
bottom will have an injurious effect on the 
enamelling. Another kind of bath is made of 
cast iron and is "porcelain" enamelled inside. 

This is a white glazed coating which wears 
very well indeed, and with fair usage, lasts a 
considerable time. If a small piece of the 
enamelling gets chipped off the iron will rust. 



The rust extending will burst off other pieces 
of the enamel until at last the whole looks very 
unsightly indeed. 

All the baths that have been described are 
used principally in private houses, although 
some are in use in hospitals and such like 
buildings. In those places, including Public 
Baths, the fittings have to withstand a lot of 
very hard wear, and what may be called 
"knocking about." In Public Baths, which 
are well regulated, the attendant, by the aid ot 
a long-handled brush, scrubs the sides of each 
one after being used. When excessive 
vigour is employed and the bath is not of a 
very strong description it will soon wear out or 
become injured. For the Institutions above 
referred to there is nothing equal to the so- 
called " white enamelled fireclay " baths. Fig. 
532 is a sketch ot such a fitting. The sizes 
nearly approach those given above for what was 
called a comfortable one. The writer con- 
siders they would be more so if the head part 
was made more sloping, so that the back of the 
bather was supported by it, and the shoulder 
part increased in width. The length, 6 ft. out- 
side and 5 ft. 7 i in. inside, is suitable for tall 
people; but shorter sizes are made, and would 
be better for people of medium stature. Taken 
altogether this make, so far as size goes, is much 
better than a great many of those made of 
iron. A few of these fireclay baths are used 
in private houses, but they are not much liked 
on account of the time it takes to warm the 
material. When a hot bath is required it is 
necessary to partly fill it with hot water some 
time before using, so that the bottom and sides 
will get warm, and then cool the water down to 
the required temperature by adding cold. It is 
not at all pleasant to get into a hot bath and 




Fig. 532. 

come into contact with a cold surrounding. 
To prevent this, some bathers will place a 
towel in the bottom to stand upon. The weight 
of these baths is also considerable, and varies 
according to size, from about 5 to 7 cwt In 
some cases the weight of the bath, added to 
that of the water used, and also the bather, 
would approach to 12 or 13 cwt, so that when 
using such a fitting the strength of the floor 
supports should be carefully seen to. A word 
of caution may here be given to those who have 
to fit up those of this kind. It is not at all un- 
common to find them crack in the bottom and 
end, the fracture commencing at the waste or 
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overflow holes. This arises from the brass 
connections to the waste and overflow-pipes 
fitting too tightly. On becoming heated, the 
brasswork expands with sufficient lorce to 
break the fireclay through. When buying this 
kind it is always a good plan to have the brass 
connections also from the same firm, who, for 
their own credit's sake, would fit them properly 
and be responsible for any breakage. Those 
who prefer to use their own brass connections 
should send them to the bath makers, to have 
them fitted properly. The writer refers to this 
matter as he has known plumbers to be blamed 
for these breakages. 

There are other baths used at times besides 
those described above. Amongst the rest may be 
mentioned a nice-looking one made of vitrified 
stoneware, similar to some kinds of best quality 
drain-pipes, with an enamelled inside surface. 
Others are made of concrete. Some have been 
made of slate slabs, bol'ed together. There 
are baths made out of solid blocks of marble, 
One brought from Rome, and consequently a 
real " Roman bath," the writer saw the other 
day in a nobleman's mansion in the North of 
England. Fig. 533 is a sketch of this bath, which 
is hewn out of a solid block of grey granite* 




Fig. 533. 

The sizes are as follows : Length, 8 ft. 6 in. out- 
side, and 6 ft. 6 in. inside at top, and 5 ft. 6 in. 
at bottom ; the width being 3 ft. and 2 ft. 3 in. 
at top and bottom respectively ; the inside 
depth being 1 ft. Q in. The thickness ot the 
sides, ends, and bottom is 6 in. The feet are of 
bronze and are modern make. The age of the 
bath must be very great, as the surface of the 
granite, both inside and outside, is very much 
pitted. It is not in use, but placed in a gallery 
amongst some very old marble statuary and 
other relics of a bygone age. 

Waste-pipes will now claim our attention. 
Baths should be made to empty quickly, 
especially when required to be used two or three 
times in quick succession. Beyond this, the water, 
when so discharged, has a good scouring force 
which tends to keep the drains clean. Numbers 
of cases are found where only f in. or 1 in. 
waste-pipes are used. These not only allow the 
water to dribble away very slowly but are con- 
stantly being choked with small pieces of soap, 
fluff off washing flannels, fragments of sponge, 
and other small matters round which soap curds 
cling, and eventually entirely block the pipe. 
When larger pipes are used and they are pro- 
perly fixed the stoppages rarely occur. The 
writer had a ease where a bath took 43 minutes 



to empty. On taking up the flooring of the 
room it was found that the horizontal part of 
the pipe leading to an open head outside was 
laid in notches cut in the joists. Between the 
joists the pipe had bagged down in two places. 
The bags being filled with water and the parts 
over the joists with air rendered the pipe " air- 
bound." After straightening the pipe and pass- 
ing a cane through, the bath emptied in 15 
minutes. It is very important that any horizon- 
tal waste-pipe should be fixed with a gradual 
and regular fall to its outlet, or junction with a 
vertical pipe, not only to prevent the above evil, 
but also any accumulation of matter inside to 
form a blockage. At a future time we shall 
have something to say on hydraulics and will 
work out examples ot what quantity of water 
different sized waste-pipes will discharge. For 
our present purpose it will be sufficient to say 
that baths should never have them less than 
2 in. in diameter. Under favourable conditions 
a li in. pipe will give good results but not nearly 
equal to 2 in. In some cases 3 in. pipes have 
been used, but these are generally in public 
institutions. 

Not only should the waste-pipe be of a good 
size but also the discharging plug or valve and 
the trap. The latter should not be larger than 
the pipe. In practice it is found that a round 
pipe-trap (as Fig. 275 in an earlier lecture) of 
the same size as the waste-pipe answers its pur- 
pose perfectly. When larger ones, or those 
similar to Fig. 263 are used, they invariably 
choke up by an accumulation of slimy matter 
inside, as was described in the text accompany- 
ing the illustrations above referred to. The 
connection to the bath should also be of a good 
size and not less than that of the pipe. One 
often runs against an iron bath with a 1 in. 
waste-union attached to it and a 2 in. lead pipe 
soldered onto the union. When a discharging 
apparatus is fixed the brass grated connection 
is frequently found to have a water-way much 
less than the waste-pipe attached to it. 
Although the grating should have a good way 
through, it does not follow that the holes should 
be so large that pieces of soap, &c, could pass 
through. The connection should be enlarged 
and more openings made rather than the size 
of the holes increased. This holds, too, in the 
case of manufactured sheet metal baths, either 
of copper, tin or zinc A great many of these 
fittings have a small number of tiny holes par- 
tially filled with the enamelling material, the 
aggregate size of openings not nearly approach- 
ing that of the waste-pipe. When writing 
specifications for improving sanitary fittings 
"take out bath, send to the works, enlarge 
waste and overflow holes, fix new well and dish, 
larger underwaste and overflow pipes, re-enamel 
and refix bath with quick discharging waste- 
valve " is a stereotyped phrase frequently used 
when the fitting is made of good material and 
worth doing. In noblemen's mansions good 
old copper baths are frequently condemned and 
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others of lighter and flimsier construction sub- 
stituted when it would have been better to have 
altered and refixed the old ones. The reasons 
for having large waste openings and pipes 
apply also to the overflows with the additional 
one, that if the hot and cold water service taps 
are left running a serious injury to the house 
and furniture might occur if an overflow of 
water were to take place. 

The treatment of waste-pipes is varied 
according to the fancies of the people who fix 
them or design their arrangement. Some will 
have them fixed indoors, others outdoors. Some 
plumbers will continue them to empty into an 
interceptor trap in the basement, and others 
prefer them to empty into an open hopper head 




Fig. 534. 
outside the house and thence to the interceptor 
trap. We will deal with some of the arguments 
applying to each method. In the first place 
the materials used are lead, wrought iron, 
copper, and cast-iron. When lead pipe is used 
and the joints are made in the ordinary way, 
that is, by wiping them, it will sooner or later 
break by the alternate expansions and contrac- 
tions caused by hot water passing through. 
This points to lead as being an unsuitable 
material for hot water waste-pipes when fixed 
inside the house. When to be fixed outside 
the lead pipes can have expansion joints made 
on them. Fig. 534 is a sketch, half in elevation 
and half in section, showing a very good 
one. The pipes are generally made 



in 12 ft lengths and are cut into two* 
Sockets are made on one end of each piece by 
means of a special made mandril, and a bead 
is sometimes turned as shown at A, but this is 
not necessary. Very strong ears are soldered 




Fig. 535. 

onto the back of the socket for fix- 
ing to the wall by means of nails or 
screws. On the plain end of one pipe 
an indiarubber ring is stretched and then, 
slipped into the socket of the other, as shown in 
the sketch. The plain end of the pipe should 
not reach to the bottom of the socket, otherwise 
there would be no room for expansion. A 
small bossed lead cap is slipped on at B for 
keeping out dust, and also to add to the appear- 
ance of the pipe. After several years of experi- 
ence with pipes so fixed, and never having seeiv 
a breakdown with them, the writer can speak 
well of this method. Several high stacks of 
pipes, with the joints as described, have been 
tested by filling with water, and found to be- 
satisfactory, but it is doubtful if it would be 
safe to fix them indoors. On account of its 
smoothness inside, ease of application and 
making branch joints, lead must be accepted as 
being the best material to use under the above- 
conditions. 

When the waste pipe must of necessity be 
fixed inside the house, it is then best to use- 
galvanised wrought iron pipe with screwed 
joints. The trouble in this matter is to make 
the branch connections, which must be of lead 
when the bath trap is made of that material.. 
The best way of doing this is shown by Fig. 
535, in which C is a Y-shaped wrought iron 
socket, D is a brass union screwed into the 
branch and soldered to the lead waste-pipe E. 
The Y-branch sockets are much better than those 
made at right angles and known as T-pieces, for 
reasons that were given in an earlier lecture. In 
addition to this the connection as shown in the 
figure will allow for a slight motion of the pipe 
by expansion and the contrary force. When 
rigidly fixed a branch frequently breaks near 
the joint to the vertical pipe. In some cases. 
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the traps come to grief by first becoming dis- 
torted, as shown by dotted lines in the figure, 
and then breaking at F and G. The writer has 
seen a numbei of traps broken in this way. In 
a tew cases he has had the branch pipes fixed 
as shown by sketch plan, Fig. 536, instead of 
as shown by the dotted lines. In the latter 
case the expansion of the material is expended 
at the ends, but as shown by firm lines, the 
force is partially relieved at the bend. Even 
this will become crippled and eventually break 
in the throat at H where excessively hot water 
is used and the fixings are too rigid. In such 
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Fig. 536. 

cases an expansion joint could be used, but this 
is not advised, as the packing material will 
eventually decay and the joint will leak. 
Being situated beneath the flooring there would 
be some difficulty in making any repairs to 
such a joint The same difficulty is experi- 
enced when a lead pipe breaks, but by proper 
arrangement this would not occur. When the 
cause is pointed out it only remains to take pre- 
cautions for preventing any evil consequences, 
and by a little careful thought this can always 
be done by the plumber to suit the work be 
may have in hand. 

When copper waste pipes are used and fixed 
inside the house they should be put together by 
screwing. Sometimes they are joined with 
solder, similar to lead pipes, but it is not always 
safe to trust to such joints. When the pipe is 
fixed outside the house slip joints can be used. 

When cast iron waste-pipes are used they 
should not be joined together by means of 
metallic lead or lead cement In this case, too, 
expansion has such an influence on the metal 
(iron) that a kind of telescopic movement takes 
place at the joints, which eventually works the 
material out of the sockets. This is not o! 
serious importance when outside, but it is 
different when inside the .house. Iron waste- 
pipes get very foul, and the contained air is not 
suitable for breathing, hence the importance of 
having tight joints when any escaping air would 
be injurious. There are numbers of patented 
joints for iron pipes which are used principally 



for hot water heating purposes. Fig. 537, is a 
sketch of such a joint These fittings are found 
to answer very well indeed for hot water waste- 
pipes. At every joint a slight movement can 
take place without breaking. When these pipes 
are used they should be tested after fixing by 
filling them with water. The joint may appear 
to some readers as wrong end uppermost, but 
they are best fixed so as any leakage in the joint 
would soon show itself and lead to attention 
being given to it The makers of these joints 
supply also any special fittings and junctions, to 
which can be attached short pieces of branch 
lead pipes from bath traps. 

When waste-pipes are fixed inside the house 
there is very little difference of opinion amongst 
experts as to the advisability of making all the 
joints both water and air-tight There are still 
a few people left who think that a bath-waste 
made of light rain-water pipe with unmade 
joints can be fixed inside the house with safety. 
At a seaside hotel the writer found such a pipe 
with open hopper heads at the various floors, 
into which the baths and sinks emptied. All 
these latter fittings had traps to them. For the 
sake of the student it may be added that under 
the circumstances the traps were useless. 
Older men would know this without any 
prompting. Even among professional men 
there is a difference of opinion as to fixing 

Eipes outside with open heads for receiving 
ranches from sinks and other fittings. Fig. 
538 is a sketch elevation of a case of this kind 
taken from a west end of London block of 
mansions, and may be accepted as a fair 
example of numerous others. On each floor, 




the building being six stories in height, is a 
bath, a sink and a cistern, all in the same room. 
The sinks are used for receiving bedroom slops, 
and toilet-bottles and jugs are filled at the taps. 
The sinks and traps are all trapped, as shown 
in the figure. The cistern overflow-pipes are 
not trapped, so that foul smells can pass 
through and contaminate the water. The 
hopper heads are level with and about 6 ft. 
away from bedroom windows. The problem 
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may be accepted as one showing how to do 
work in an unsanitary manner. In opposition 
to those who adopt this style of arranging work, 
the writer cannot agree to the principle. In 
numbers of cases plumbers have been sent for 
to cover the hopper heads because of the foul 
smells escaping from them and passing into 
open windows. And if the smells are objec- 
tionable, what is to be said of other matters 
which have no odour? If a bather has an 
eruption or skin disease, or a child recovering 
from scarlet fever has a bath and the waste 
water passes down the outside pipe, it is only 
reasonable to suppose the disease germs can be 
distributed with the smells. The baths and 
sinks are trapped to prevent foul air passing 
through the waste-pipes into the house; but 
what avail is this if an open window allows 
its entry ? Windows are opened for ventilation, 
that is, for the admission of fresh air and not 
that which is contaminated. On opening a 
window the air current is nearly always inward 
and very rarely the reverse. The overflow 




Fig. 538. 

from the cistern has been referred to. In our 
problem we have other evils than those men- 
tioned. Near each of the hopper heads is a 
grating and hole through the wall for ventilating 
the space between the floor and ceiling. The 
one at ground floor level is close to the gully- 
trap, so that not only foul air, but the dirty 
water that rebounds off the grating of the trap 
gets beneath the wooden floor on the other side 
of the wall In each case foul instead of pure 
air passes into the dwelling. The main stack of 
pipe discharging over the gully-trap is another 



blot. The water that comes down the pipe 
splashes over the area pavement, and what does 
not leak through the joints ot the stone slabs 
slowly runs back into the trap, leaving ill- 
smelling soap curds behind. A cock and hose 
pipe are provided for frequently washing down 
the pavement, but shortly after doing this the 
whole is as bad as before. At one visit to this 
place it was found that a few pieces of paper 
had either drifted or floated onto the gully-trap 
grating, thus completely choking it, so that 
what may be called sewage lay to a depth of 
some few inches all over the pavement. The 
examination was not made, but there is little 
room for doubting that some of this water had 
run through the floor-grating above teferred to. 
In the winter time, too, what a deplorable sight 
is presented by the appearance of a house 
covered with sheets of ice and icicles hanging 
from the hopper heads, the whole being added to 
each time any water is discharged from any of 
the fittings. By this serious harm is done to 
the house walls. The mortar comes out ot 
the joints in the brickwork on the outside, the 
decorations are destroyed on the inside, and 
this is in addition to the evils of damp walls. 
And yet this system is practised under the title 
of sanitary engineering. The writer has known 
cases where work has been arranged in this 
way, and yet objections were taken to using the 
rain-water pipes as sink and bath wastes. One 
principle is as bad as the other. 

Probably a time will come when fixed rules 
will be issued for the treatment of the matter 
under discussion. The public are continually 
complaining, and rightly so, of the great 
differences of opinion amongst plumbers and 
so-called sanitary experts. As an example of 
this, a landlord has a house put into a sanitary 
condition (?) by some one who advocates waste- 
pipes emptying into open hopper heads, as 
above described. A would-be tenant sends his 
own plumber, or professional man, to report on 
the salubriousness of the house, who at once 
condemns it owing to the arrangement as car- 
ried out. In other cases, the reverse is done; 
good main stacks of waste pipes are taken down, 
and those with open hopper heads substituted. 
Amongst many cases of this kind that come to 
memory is one of two houses in the same street 
in an aristocratic part of London. In each 
house the main waste pipe from upstair fittings 
was fixed outside at the back. The pipes were 
made of 2 in. cast iron having ordinary slip 
joints. Both houses were alike, having been 
built by the same contractor. Two prospective 
tenants sent their respective sanitary engineers 
to examine the houses, and each one was con- 
demned as being unsanitary owing to the waste 
pipes. The proposed remedies were in direct 
opposition to each other. One engineer insisted 
upon the insertion of hopper heads in the main 
stack at the necessary positions for the branches 
to empty into. The other engineer applied a 
smoke test, and, as a little escaped at some of 
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the joints, insisted upon a new lead pipe with 
soldered joints, which was both water and air- 
tight, being fixed. Not wishing to lose two 
good offers lor his houses the owner had the 
alterations made as required. Very probably 
at a future time, when there may be changes in 
the tenancies, the whole arrangement in each 
house will have to be again altered to suit the 
fads and fancies of some other tenants and 
their advisers. If we had a code of regulations 
to work to, this confusion of principles would 
be abandoned to the advantage of all, whether 
clients, sanitary engineers, or workmen. 

As Fig. 538 clearly illustrates the principle of 
open heads we need not describe any other 
examples, but go on to alternative problems. 
But first we must go back on what has been 
said, and consider the proper position for the 
waste pipes. Undoubtedly outside the house 
would be the best, but for the fact that such pipes 
are frequently ice-bound during frosty weather. 
This dees not arise from the water discharged 
from baths or sinks, but from leaking taps. 
The writer does not remember a single instance 
of an ice blockage where it was not traced to 
a defective cock. A large body of water flow- 
ing through a pipe does not freeze, but a 
dribble will do so. Numbers of people will 
leave their draw-oft cocks slightly opened to 
allow of a dribble of water, to keep that in the 
service pipe moving, to prevent freezing. This 
may be effective in the service pipe because the 
whole body of water in it is kept in motion, but 
the same water trickling down a waste pipe will 
freeze. From this we glean that if all cocks 
are sound, and no waste practised, the pipes 
can be fixed outside the house. But, and it all 
turns on this, it is almost an impossibility to 
guarantee everything to be always as it 
should be. 

Outside pipes can be encased and protected 
from freezing, but such fittings never add to 
the good appearance of a house. They also rot 
away in time. Numbers are found in dilapidated 
conditions, and the packing material in a state 
of decay. As these points are of considerable 
importance, and we cannot ignore them, it only 
remains for us to fall back on an inside position 
and fix the pipes where the frost will not act on 
what passes through them. By this, it must 
not be assumed that they should be fixed inside 
at all costs or that they should be situated near, 
or pass over rooms where a leakage would lead 
to a serious injury to anything in them. In 
such cases, rather run the risk of a blockage 
of ice and fix them outside. The baths, sinks, 
or whatever is connected to the waste-pipe 
should then have overflow-pipes attached to 
empty into the open air. These overflows, 
under certain conditions, would be rendered 
useless by being choked with ice, but with them 
the risk of injury by an overflow would be much 
reduced. 

Where baths or sinks are fixed over each 
other, and it is objected to having too many 



pipes showing on the outside of the house, the 
vent-pipes are sometimes fixed inside. In 
addition to the unsightliness of a cluster of 
pipes fixed externally, it must be admitted that 
the mutilation of the walls by cutting holes for 
the several branches is very often a serious 
item. Not only with regard to the oost of 
cutting the holes and making them good after 
the pipes are fixed, but also bearing in mind 
that the several holes tend to weaken the walls. 
For these reasons there are many architects 
who will have all pipes fixed indoors. In some 
cases it is an economy to do so, and thus save 
the cost of scaffolding for the workmen's use, 
and which they should have when fixing pipes 
externally. 

We will now dwell for a short time on the 
structural details of an outside waste-pipe, the 
vertical joints being made as shown by Fig. 
534. The reader is referred to Fig. 539, in 
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Fig. 539. 



which is shown two important points often 
met with in practice. The usual method, when 
two or three fittings are close together, is to 
branch the vaiious waste-pipes into one, fixed 
horizontally. This was illustrated some time 
ago (see Fig. 104). The usual result in such 
cases is the water emptied out of one fitting 
will flow back into one of the others. As a 
convenience for drawing water into a can a 
small drip sink is often fixed inside the bath 
enclosure, as shown in the lower half of the 
figure. If the sink waste was branched into 
that from the bath, when the latter was emptied 
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the water would rush up into the sink and pro- 
bably fill it to overflowing. If the sink was 
level with the bath, as shown in the upper half 
of the figure, what was thrown down the sink 
would rush up into the bath. In each case the 
remedy is to branch the waste from each fitting 
into the vertical pipe. And in each case the 
branch from the low-level fitting should be 

i'oined so that the water could not possibly flow 
>ack as above described. Neither should the 
waste from upper floors flow back up the 
branches of anything on the floors below. In 
an earlier lecture on soil-pipes, see Figs. 
286-7-8, it was stated that all branches should 
as nearly as possible approach bends in their 
construction, and the reasons why were given. 
These apply also in the case under considera- 
tion. The lower portion of Fig. 539 is taken 
from a mansion in Worcestershire. The walls 
were of stone, and to avoid disfiguring the 
building, chases were neatly cut behind the 
vertical pipes to hide the branches shown at A, 
in the figure. 

Every branch waste pipe should be ventilated 
by mean's of a pipe as illustrated. A great 
many people consider the cost of this to be a 
waste of money, and this idea is not confined 
to laymen only. It is thought that a bath or 
flat-bottomed sink always retains sufficient 
water to afterwards slowly dribble into and re- 
charge the trap when emptied, or partially so, 
by syphonage. This holds good in the case of 
single fittings, but when several are connected 
to a waste pipe which is common to them all, 
the use of one bath or a sink may empty the 
traps of the others. This subject was dealt 
with to a considerable extent in the lecture on 
soil pipe and trap ventilation. The reader 
should refer to what was said on that matter to 
be the better able to grasp the importance of 
applying the same rules to waste pipes. In 
Fig. 539 the trap vents are shown branched 
into a main stack in the upper half, and in the 
lower portion they are joined together before 
passing through the wall. Either way is found 
to answer fairly well in practice. In some 
cases the trap vents have been branched into 
the main waste-pipe one or two feet above the 
waste branches, but this is not at all a good 
method to adopt When water is falling from 
upper floors the compressed air in the main 
waste will blow through the lower traps, owing 
to there being no relief or ventilation for its 
escape in the same way as when the vents are 
separate from the waste pipe. 

In other cases, the branch trap vents have 
been carried through the walls and left with 
open ends. Although this may not be quite so 
objectionable as open hopper heads, it cannot 
be accepted as being so good as carrying the 
open ends of the pipes to some position above 
and clear of all windows and openings into the 
bouse. 

The sizes of the waste pipes have been dealt 
with, but a few words on the sizes of the vent 



pipes may here be an advantage. Without re* 
peating the details of the earlier lecture above 
referred to, on soil pipe and trap ventilation, it 
will be sufficient to say that in no case should 
such pipes be of a smaller bore than the waste 
pipes. At times it becomes necessary to 
increase their size, especially where they must 
be very long or have many bends in them. 
Many examples are continually coming under 
the writer's notice where fin., 1 in. and ii in. 
ventilation pipes are fitted to stacks and 
branches of 2 in. waste pipes. With scarcely 
any exception these small vents have proved 
failures, and the traps were partially emptied 
by syphonage. And what is the good of a trap 
if the water seal is broken ? In some in- 
stances, with 2 in. wastes, 2} in. and 3 in. main 
vents, with 2 in. branches to the various traps 
under fittings, hive been found necessary for 
keeping the water seals intact. 

It is found to be an advantage, in very long 
lengths of vertical waste pipes, to keep the main 
vents quite separate from those on the waste, 
and continue the top ends of each to the 
desired positions. Where the combined main 
waste and vent is not very long, the trap vents 
can be branched into that on the waste, but this 
connection must be made above the level of 
the highest branch from the sink, bath, or 
other fitting. Cowls on the top ends of such 
vents are worse than useless, in that they pre- 
vent air freely entering to fill the partial 
vacuum formed inside the pipes when water is 
falling down. For keeping out birds, or the 
materials for their nests, a large size domical 
grating is all that is necessary. The grating 
should be made of copper wire. When made 
of iron wire and galvanised they last but a very 
short time. Steam and watery vapour will 
soon destroy the latter. 

Waste-pipes from baths and sinks, according 
to our English ideas, should not be in direct air 
communication with the soil drains, but should 
be made to empty into so-called " intercepting 
traps." I say into advisedly, and cannot bring 
myself to agree with the bad principle of such 
pipes emptying onto pavements, or over the 
gratings of gully-traps, which is as bad as the 
other, so often preached and practised. If the 
reader refers to the text accompanying Figs. 
213, 214, and 257, he will find very good reasons 
for fixing the waste-pipes to the inlet arms of the 
intercepting traps, as shown by the latter figure. 
The trap shown at the foot of the waste-pipe. 
Fig. 539, is of this description. 

Some engineets and plumbers fix intercepter 
traps with open channels. This arrangement 
is no better than fixing the pipes to empty over 
the gratings of the traps, owing to the splashing 
of dirty water over the surroundings and also 
because of the grating over the trap being 
frequently choked with leaves, pieces of paper, 
and other matters that are usually found to be 
drifting about near houses. In such cases the 
channels fill to overflowing, and the dirty water 
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soaks into the house walls. This statement was 
made in print some years ago and resulted in 
correspondents sending letters and giving their 
experiences, which were very similar, and 
endorsing the present writer's views. 

In some country towns and districts the 
sanitary authorities insist upon open channels 
for waste-pipes to empty into. Some years 
ago certain works had to be done under local 
bye-laws whkh stipulated that these open 
channels should be used, but, after pleading 
very hard, consent was given for gratings to 
be fixed over the channels which were at the 
ground level Fig. 540 is a longitudinal 
sectional illustration of the arrangement. The 
trap has an opening at B, for passing rods 
through for clearing the drain when necessary. 
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Fig. 540. 

This opening has a stopper bedded down air- 
tight and a galvanised iron plate fixed over 
an aperture in the stone above, so that the 
whole is easily accessible without disturbing 
or breaking any part of the trap or drain. 
The channel, C, has a bend and socket at 
the highest end for connecting a vertical waste- 
pipe. Others have sockets at the ends for 
receiving horizontal waste-pipes. A York stone 
with a galvanised iron grating and the above 
named iron plate is bedded over the whole, as 
shown by the plan, Fig. 541. On removing 
the grating a brush can be used for cleaning 
the channel when dirty. 

There are other especially designed traps in 
the market which have channels, or hopper 
heads, and cover gratings to them. One was 
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Fig. 541. 

shown by Fig. 256, in a previous lecture. Most 
of the traps of this kind have been designed to 
meet certain bye-laws issued by sanitary 
authorities, and are used a great deal in 
places where it is the practice to omit all 



traps under sinks, baths, or wash-basins. The 
writer considers the whole arrangement to be 
unsanitary, and his reasons have been so often 
stated that it is unnecessary to repeat them. 
The question of having traps under lavatory 
and sink fittings will be dealt with at another 
time. 

Overflows are our next consideration. These 
pipes should always be large, never less than 
2 in. in diameter, as small sizes will seldom take 
away the water as fast as it can run into the 
bath. Various ways of treating them are shown 
at D, E, F and G, Fig. 539. D is branched 
into the trap under the bath. When so fixed, 
and the waste pipe, or trap, is choked, the over- 
flow is useless. Neither is it a good plan to 
firmly fix this pipe. As it gets foul, it is an ad- 
vantage to be able to take it down and wash the 
inside. Where a sink has been fixed under the 
enclosure, the bath overflow has sometimes been 
made to empty, as shown at £. The pipe can 
be taken down and washed clean, but when so 
fixed an overflow pipe should also be attached 
to the sink. Although the latter is intended 
only for catching drippings from the draw off 
cocks, dirty water is frequently thrown down and 
and the grating over the waste pipe choked with 
fluff and other matters which prevent the water 
running away. At F, the bath overflow is shown 
as emptying into the safe immediately over the 
waste pipe which empties into the open air. 
Objections have been taken to this, although it 
is thoroughly sanitary, a current of cold air can 
pass from the outside and through the two 
pipes. One client complained that when having 
a warm water bath she had a cold air bath at 
the same time. To cure this, the overflow was 
made to empty some little distance away from 
the open end of the safe waste pipe. Although 
done in this case it cannot be recommended for 
general adoption unless a sinking is made in 
the floor to form a kind of cesspool, as fixed at 
the ends of lead gutters on roofs, to prevent the 
water spreading all over the lead safe. Some- 
times the overflow has to be fixed to empty into 
the open air, as shown by dotted lines at G. 
Some of the London water companies stipulate 
this to be done. The only objection is the one 
referred to last. In each of the latter cases the 
bath should be filled by cocks fixed to dis- 
charge over the top, so that the incoming water 
is visible, and there is then less liability of their 
being left open too long. The grating over the 
overflow should also be fixed a good distance 
above the bottom, so that when the bath has too 
much water in it the displacement caused by 
the user getting in will be less liable to bring 
the overflow into use. A bather should always 
have the bath filled to the proper depth, and if 
too full some of the water should be run off. 
Otherwise a nuisance will be caused outside be- 
low the point where the overflow discharges. 

To prevent cold air entering as above 
described some plumbers, and it is the most 
common practice, will fix copper hinged flaps on 
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the outer ends of the sake waste and overflow 
pipes. As several times these flaps have become 
so rigidly fixed as to become useless, thus lead- 
ing to damage to the contents of houses, their 
use has been abandoned by some of our leading 
plumbers and copper capped, or hooded, ends 
substituted, as shown at H, Fig. 539. Although 
preventing a decided in-blow, when the wind is 
in the right direction, air can pass through these 
hoods sufficiently to become objectionable. As 
no bad air can pass through these pipes, except- 
ing as it becomes fouled from the slimy lining 
when they are dirty, they cannot be called un- 
sanitary and, as for the cold air passing through, 
that can be stopped by hanging a towel over the 
overflow grating in the bath during the time it 
is being used. 

We may here leave our subject for a short 
lime to say that all baths should have a " safe, 1 ' 
or "save all/ 1 beneath them. In some cases 
the floor can be dished to fall to outlets and 
made of impervious material. When fixed up- 
stairs on wooden floors the latter should be laid 
to a fall and covered with lead, with the sides 
standing up 3 or 4 inches. Very rarely, indeed, 
are the wooden floors laid properly. Usually 
we find them falling the wrong way and the 
waste pipes fixed at those ends of the safes 
which are the highest. In such cases any dirty 
water getting into them cannot run out but lies 
in pools on the lowest ends and gives off bad 
odours. Sheet lead is the best material to use, 
of the substance known as 4 or 5 lbs. is quite 
thick enough. As an economy small sates, under 
the cocks, are often fixed, but as the safes are in- 
tended to catch any leakage or overflow from 
the baths, they should cover the whole of the* 
spaces, and a few inches beyond, on which the 
baths stand. 

To return to our subject, a great many are 
fixed with combined waste and overflow arrange- 
ments. Fig. 542 shows such a fitting. The 




Fig. 542. 

underwaste, J, is connected to a pipe, K, the 
top end of which is open and the bottom end 
connected to the trap L. 

An inner pipe, M, acts as a waste plug, and 
has the bottom end fitted to the outlet of the 
larger pipe, the top end being open and cut 
down to the level it is intended for the bath to 
fill As the latter is filled the water rises in the 
annular space between the two pipes until it 



reaches the top of the inner one when it over- 
flows and runs away down the waste pipe. 
There is little room for doubting that this was 
a Scotchman's invention, as in travelling about 
the writer finds them made of lead and fixed by 
plumbers in nearly all Scotch towns. It has 
also occurred to him that the same principle 
was introduced into American practice by the 
same class of men. This is fortified by looking 
over lists of plumbers in American towns and 
noting the number of names which are similar 
to those met with amongst our northern con- 
freres, and who were doubtless amongst the 
earlier settlers. Coming nearer home the writer, 
in looking back over an experience in London 
of 35 years, does not remember ever seeing 
such a fitting until it was made by hand by 
Scotch plumbers who were working in the same 
shop as himseli This was about 26 or 28 
years ago, but since then nearly all bath makers 
have adopted the principle, and the fittings are 
now made in cast iron, galvanised iron, copper 





Fig. 543. 
and lead. In 1881 or 1882 a writer in a New 
York technical journal condemned the principle 
as being bad, owing to the foul condition the 
waste and overflow pipes became inside by 
usage. Since then some of our English 
authorities have taken up the same line. The 
writer has had to exchange such fittings 
because of complaints of bad odours escaping 
from them. Although still practised in London 
there is not the least doubt they will eventually 
be superseded by something better. 

Another arrangement is shown by Fig. 543. 
The discharging valve is very latge and made 
to open so that the waste pipe, not less than 
2 in. diameter, is filled full bore and empties the 
bath very quickly. In this case the overflow 
pipe, N, is made to be easily taken down, without 
removing any part of the bath or the enclosure, 
and scalded or otherwise cleansed. It is very 
probable that this will eventually be improved 
upon and provision made for cleansing the 
overflow arm of the bath. This may appear to 
be a trivial detail, but as the filth that accumu- 
lates even in this short pipe is objectionable, 
means should be provided for removing it. 
Whenever the overflow is connected to the 
waste valve unpleasant loud gurgling noises are 
made when the bath is being emptied. 

Fig. 544 is an illustration of one of several 
fitted up by the writer a great many years ago, 
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and which then was considered to be a very 
good system to adopt. A large stop cock, wiih 
wrought iron socket key and spindle having a 
brass lever and knob, to be turned outside the 
enclosure, was fixed for emptying the bath. At 
the present day this kind of cock is being 
superseded by other fittings which are not so 
difficult to turn and are less liable to leak. It 
will be noticed that the supply and waste cocks 
are soldered to the various pipes, and at one 
time this was the usual practice. When the 
bath or cocks required repairing or renewing 
the joints had to be unsoldered and afterwards 
re-made. The overflow was by means of the 
pipe O in the figure. A small hole at P was 
made to prevent a syphonic action setting up 
and emptying the bath whenever it overflowed 
sufficiently to fill the pipe. The hot and cold 
water supply cocks were connected to the 
waste pipe, so that if they and the waste cock 
were left open the water ran to waste. In one 
example that comes to memory the cisterns 
were emptied through this occurring without 
being noticed. The principle is bad from 




Fig. 544. 

another point of view, the underwaste is 
generally very foul inside from the soapy 
matter, &c, left in it when the bath is emptied, 
and the incoming water will wash the 61th back. 
The supply cocks shown at Q were of the 
ordinary description. Such cocks are now 
going out of use as they have so many objec- 
tionable points in connection with them. They 
last but a very short time without leaking, and 
at times are very difficult to turn. The hot 
water cock will sometimes become so rigid that 
the brass lever and the knob are broken in the 
efforts to turn it. Fig 544 is here given as a 
peg on which to hang several defective arrange- 
ments in bath fitting and to illustrate how not 
to do them. 

We can now pass onto supply cocks or valves 
for baths and their fitting up. An objectionable 
method is described above. An improvement 
on that is shown by Fig. 545. The supply 
cocks, only one of which is shown, the other be- 
ing on the opposite side of the bath, is of the 
screwdown kind, having unions at the ends for 
easy removal for any purpose, and also for pre- 
venting injury when the plumber is making the 
joints. The connection is made at the sides, a 



few inches above the bottom. When so con- 
nected a small quantity of cold water can be 
run into the bath, and when the end of the 
inlet pipe is covered the hot water can be turned 
on. This will prevent the room being filled 
with steam, of which complaints are frequently 
made. Steam is objectionable because of the 
damp condition into which the contents of the 
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Fig. 545- 

room are rendered, and when it is also im- 
properly used as a wardrobe or linen room the 
dampness is highly objectionable. At one of 
the works the writer has in hand, at an Earl's 
mansion, the walls of the principal bath and 
dressing-room are hung with several old curios, 
including some ancient steel armour. Steam 
amongst these would be very injurious. 
- Another way of connecting the supplies to a 
bath is shown by a plan, Fig. 546. The two 
cocks are connected to a breeches piece, R, 
which in turn is joined onto the bath. This is 
sometimes claimed as an improvement on the 
last one described, but when the hot and cold 
water are supplied from tanks at unequal levels, 
that from the highest tank will have sufficient 
pressure to keep the other from flowing into 
the bath, thus showing that independent con- 
nections are the best under the conditions 




Fig. 546. 

named. The centre cock is for the waste and 
is separate from the others. There are a few 
other details on this matter which we need not 
now dwell upon as they were described in 
" Plumbing Practice." 

There is one, however, which a recent 
experience has reminded me of, and which is 
frequently found in practice. That is the evils 
of fixing the supply cocks at the head of the 
bath, more especially when they discharge over 
the top. When it is explained that a leaking 
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cock under these conditions allows the hot 
water to drip on to the face of the bather no 
further comment is necessary. 

Another objection is that hot water dripping 
from such cocks, especially when supplied 
through rusty iron pipes, will leave brown 
stains down the sloping head of the bath. 
When fixed over the toe end, and the nozzles 
are a fairly good length, the water drips clear 
and the stains are then not so objectionable. 
Sometimes they are caused by the tan from the 
leather washers used in the valves. On this 
head it may be said that sometimes valves 
which had indiarubber or fibre washers, when 
new, have been repaired with leathers. Such 
material may be good for cold water, but for 
hot water it is far from being so. With boiling 
water the leather is converted into glue, and 
with moderately hot, the leather is rendered 
very hard and brittle, so that it lasts but a very 
short time. 

Again, referring to Figs. 542 and 544,- it will 
be noticed that the waste-pipes are connected to 
the baths near the centres. This gives in each 
case something like 2 ft. 6 in. or 2 ft 9 in. of 
horizontal waste-pipe which gets foul inside 
and gives off musty odours, or something worse 
when the pipe is bagged in any part and retains 
soap curds, which eventually turn black and 
decompose. Although this is the usual prac- 
tice, it is far from being a good one. The pipe 
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Fig. 547. 

cannot be cleansed by means of a brush or 
other aid, and simply passing water through 
does not improve matters. The perforations 
come in an uncomfortab e position for the 
bather to stand or sit upon, and, in the case 
of copper, or other sheet-metal baths, the 
cradling cannot be properly done, so that the 
bottom is unsupported and becomes so irregular 



that the water will not entirely run away. The 
connection near the toe end, as shown by Fig. 
546, is a great improvement, but can only be 
applied to fireclay and similar baths. The 
connection is made of brass, with a trumpet 
mouthed inlet, over which is placed a porce- 
lain grating which can easily be lifted off for 
cleaning. For copper and similar baths the 
connection is best made as shown at Fig. 543. 
Instead of holes, slots are cut in the metal to 
form a grating for preventing pieces of soap 
or other matters choking the waste-pipe. By 
this method all the above objectionable details 
are avoided, and, in addition, when the water 
has nearly all run away, air is drawn in through 
the upper portions of the slots, with the result 
that when the trap is not properly ventilated, 
there is a lesser syphonic action set up. This 
is also found to be the case with some of the 
modern made wash-basins which have similar 
connections. 

We will now refer to shower baths. These 
are made in a variety of forms, but very few 
are really comfortable to use. One great 
objection in those frequently met with is the 
size of the holes. When made too large the 
water passes through in such great streams as 
to be more like a deluge than a shower beating 
on the head and shoulders of the user. The 
smaller the holes the finer the water spray and 
the greater the pleasure in usage. Another 
objectionable feature is the length of time it 
takes to thoroughly exhaust all the water. 
This will hang up in the perforations, being held 
there by capillarity, for hours, and at frequent 
intervals one or two drops will fall into the 
plunge bath below, when so fixed, with a sound 
which is very irritating to nervous people. 
Clients have frequently complained of these 
disagreeable noises occurring during the night 
time when the baths have been fixed near the 
bedrooms. Fig. 547, is a view of a very com- 
mon shower which is usually suspended from 
the ceiling. The water is turned on to fill the 
shower by the cock A and by pulling the 
handle B, the contents are emptied on to the 
user. There are no means of knowing when 
sufficient has run into the chamber to fill it 
The person has either to trust to guess work, 
use steps for peeping over the top, or allow it to 
fill to overflowing, all of which are unsatisfac- 
tory. In a few cases gauge glasses, as shown 
at C, have been fixed for seeing the depth of 
water, but where one shower is found to have 
this, hundreds are without it. Sometimes a 
ball valve is fixed on the service-pipe, in which 
case the shower is always filled ready for use. 
Shower baths, like a great many other fittings 
in plumbers' work, are frequently left unused for 
several weeks together, with the result that 
they get out of order. The various working 
parts become rigid, or the leathers and rubbers 
" grow " to the valve seatings and are torn when 
opened. Hence such fittings are found to be 
n a chronic state of being out of repair. When 
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constructed as shown by Fig. 547, they are 
generally used for cold water only. Although 
a few are fitted with hot water supply attach- 
ments it is dangerous to use them, as there is 
some little risk of the bather being scalded. A 
thermometer can be used for testing the heat of 
the water, but the trouble of doing this is a 
great objection, and the chamber may have to 
be emptied and refilled several times before the 
contents are found to be of the desired tempera- 
ture. Even when a thermometer is attached 
and forms part of the chamber the correct heat 
of the water may not be recorded, as the hot 
and cold are not thoroughly mixed. The com- 
moner baths are made of sheet zinc or tinned 
iron. Neither of these materials is found to 
be entirely satisfactory owing to the corrosion 
that takes place in the metals, resulting in the 
perforations becoming either choked up entirely 
or very much enlarged and distorted out of 
shape. Sheet copper is much better for shower 
baths, more especially for the perforated 
spreader, as this metal resists any corrosive 
action of the water much better than the others. 

There are several varieties of shower baths, 
and a very long lecture could be devoted to 
them: We, however, need not dwell upon such 
fittings to a very great extent. A very simple 
and good one is shown by Fig. 548. The whole 
is made of copper and is nickel-plated. D is 
the shower or spreader supported on the 1 in. 
pipe £, which is fixed to the end wall by means 
of the flanged sockets F F. G is a cock with 
hollow lever having a spreader at the end. On 
pulling down the lever, as shown in the figure, 
the water escapes and plays upon the hips of 
the bather. This cock is useful for emptying 
the pipe, which, to a certain extent, mitigates 
the nuisance of the water dripping from the 
shower after being used as referred to when 
dealing with Fig. 547. When the shower is to 
be used the cock lever is turned upwards. H is 
a chamber in which the hot and cold water 
mingle, the temperature being shown by the 
thermometer, J. The waters are admitted 
through the breeches piece, K, on turning the 
cocks, L L, the knobs of which are engraved 
"Hot" and "Cold" respectively. The whole 
was designed for a medical gentleman's own 
use. In the first instance a cock was to have 
been fixed at M to regulate the quantity escap- 
ing at the rose, D, but on further thoughts this 
was abandoned, for the reason that if the water 
did not escape freely at the rose the cold would 
have forced its way into the' hot water pipes, 
owing to the two cisterns not being on the same 
level 

The floor of the room was entirely covered 
with lead and the walls with glazed tiles to pre- 
vent any injury to rooms beneath from the water 
that rebounded off the head and shoulders of the 
bather beyond the plunge bath, passing through 
the floor. In some instances brass hoops with 
rings and curtains are fixed to shower baths, 
but in this particular case the client would not 



have anything of the kind. As these curtains 
are sometimes wet and cold they "give one the 
cold shivers" when getting inside. The ring 
shown at N, Fig. 547, is for suspending a curtain 
when desired. In continuation of this, it may 
be said that such curtains are always a nuisance. 
When made of vulcanised indiarubber, ur so- 
called water-proof cloth, in which this material is 




Fig. 548. 

a constituent, the smells are a common source of 
complaint, and after being in use for some time 
they become harsh and brittle. Plain linen, or 
cotton, curtains when used should be thoroughly 
dried each time, otherwise they become mouldy 
and rotten, and give off unpleasant, musty 
odours. 

During these last few years, ordinary shower 
baths have been used less than formerly, 
especially since the introduction of the so-called 
"Needle" or " Combination" baths. We will 
now refer to these fittings. 

The luxury of a needle bath has often to be 
foregone on account of the cost. This applies 
especially to those which were first introduced. 
Some of modern make are much more economi- 
cal in their construction, but in many cases the 
fitting up brings the cost to that of the others 
mentioned. Fig. 549 is an illustration of an old 
pattern needle in conjunction with a plunge 
bath, which was, and is, liked by some people. 
The waters — hot and cold — are turned on either 
together or separately, as may be desired. It 
will be noticed that separate cocks are fixed for 
supplying the various parts, and each cock has 
an engraved face plate, or an engraved knob, to 
distinguish its purpose. Some baths are more 
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elaborate and have fittings for sitz, or use in a 
sitting position and also for medical purposes. 
For ordinary use these extras should never be 
fixed. In practice, the arrangements are found 
to be complicated and confusing, and out of the 
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Fig. 549- 
multitude of cocks and valves one or more is 
generally out of repair. This is especially so 
with those that are not much used, owing to the 
metals and washers sticking together and being 
injured when moved or opened. 

Another bath with a less complication of 
valves is shown by Fig. 55a In this case there 




Fig. 550. 

are only two, one for cold and one for hot water. 
By turning the centre handle so that the dial 
points in the proper direction the water is 
directed to the shower, spray, or plunge, as 
may be desired. Fig. 551 is a front view of 



the combination of valves, which is drawn to 
better illustrate the action. In Fig. 549, the 
rows of holes in the needle, or spray, are made 
horizontally, Lut in Fig. 550 they are vertical or 
over each other. 

The remarks made on the materials for 
shower baths apply also to these latter. Zinc, 
being the cheaper metal, is frequently used 
where economy has to be practised; but it is a 
false economy, especially where the water used 
has a corrosive action and results in the filling 
up or distortion, as the case may be, of the per- 




Fig. 551. 

forations. Neither have these combination 
baths any fitting or appliance to denote the 
heat of the water, so that here, also, the bather 
should not get in until he has felt the tempera- 
ture with his hands, and thus avoid the risk of 
being scalded. Reference has been made to 
the water from showers dripping for some con- 
siderable time after being used. With those 
fixed in conjunction with plunge and needle 
baths it has sometimes been found an advan- 
tage to have a small air or vent pipe, as shown at 
Qi Fig. 549. This will help the shower to empty 
more quickly and thus shorten the period of 
time during which the after-drip continues. 

A sitz, or bath to sit in, is liked by some 
people. Some are fitted up with shower and 
spray similar to the others described. Fig. 552 
is an illustration of such a bath. In some cases 
the curtain is omitted and the door made to fit, 
to prevent the water splashing outside. When 
so made it is an advantage to insert a square of 
glass or have a glass panel in the door, and 
have the cocks arranged so as to be acces- 
sible on the inside for the bather to have easy 
command over them without opening* the 
enclosure. 

Fig. 550, which is copied from a manufac- 
turer's catalogue, shows a small sink with taps 
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for drawing hot and cold water into cans or 
toilet jugs, and in the same enclosure a small 
hydrant valve and hose for use in case of fire. 
When so fitted, care should be taken in the 
arrangement of the waste-pipe from the sink. 
If improperly connected to that from the bath 
there is danger of an overflow when the latter 




Fig. 552. 

is emptied. To avoid this the sink waste 
should be joined to the other at a lower level, 
so that the waste water from the bath would 
have to rise a considerable distance before 
reaching the sink. The trap ventilation should 
also have special attention, as was explained 
when describing Fig. 539. 

A modern needle and shower is shown by 
Fig. 553. This consists of copper tubes, either 
polished or nickel-plated, arranged as shown. 
The cocks, with breeches piece, mingling 
chamber and thermometer are all similar to 
those shown by Fig. 548, with the further 
advantage that the bather can use the cocks 
either from the outside or inside. The latter is 
found to be convenient after the body has been 
shampooed and when being rinsed it is desired 
to have the temperature of the water gradually 
reduced, which is done by partially closing the 
hot and further opening the cold valve. An 
attendant usually does this, but the bather can 
help himself when assistance is not available. 
The cost of this skeleton bath is much less than 
either of those shown by Figs. 549 and 550, 
but in fixing it due regard must be taken of the 
surroundings so as to protect them from injury 
by water. Where the floors are so con- 
structed that they can be made water-proof by 
means of cement or asphalt, or covered with 
tiles, either process is good, the combined cost 
will sometimes nearly approach that of the self- 
contained bath and fittings. Where the room- 
floor is made of wood it can be covered with 
sheet lead, but this covering must extend some 
considerable distance beyond the bath and be 



turned up a few inches all round the edges. In 
any case the floor has to be laid to fall to some 
given point where a grating, trap, and a waste- 
pipe is fixed, to convey the waste water away to 
an interceptor or gulley trap outside the house. 
A piece of cork is very comfortable to stand 
upon when using the bath, and a blanket to 
step upon afterwards. This will prevent the 
feet being chilled by contact with the cold 
floor, and also minimise the risk of slipping. 




Fig. 553. 
In addition to the needle and shower other 
attachments can be fixed for hip or spine, sitz, 
douche, or spray. A union fixed at R, Fig. 553, 
and a short piece of hose-pipe with a connection 
on its end to which can be screwed the neces- 
sary nozzles for the above is a simple way of 
providing for such contrivances. But to use 
them properly it is necessary to have an 
attendant In private baths such fittings are 
rigidly fixed, especially where the water supply 
has a great head. The explanation for this is, 
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assuming the bather is using a douche on 
Tarious parts of the body, the issuing jet of 
water presses against the user nearly equal to 
a solid rod of some hard material. If the 
douche is on the end of a hose-pipe and the 
direction of the jet is turned slightly aside the 
water would miss the body and strike upon any- 
thing several-feet distant, possibly doing a con- 
siderable amount of injury. This would be less 
liable to occur if an attendant were using it; but 
when rigidly fixed care would be taken to have 
the apparatus so that no injury could take place, 
or in other words, the baths shown by Figs. 
549 and 550, or screens or hoods, would be 
used instead of Fig. 553. In elaborately fitted 
bath-rooms where Joor, walls, and ceiling are 
all impervious to water the above remarks do 
not apply. Very few of these rooms are pro- 
vided in mansions or private houses, although 
in a few cases they have been fitted up for 
medical purposes. 

In some hospitals, where nervous ailments 
are especially attended to, very elaborate bath- 
ing arrangements are provided. Fig. 554 is a 
sketch of such a bath-room showing a few of 
the provisions, but not the supply-cocks and 
thermometers. In designing such a place a 
great many points have to be considered and 
the various fittings placed especially to suit any 
and all cases. Some of these points are as 
follows : — Helpless patients have to be carried 
to the room and supported when bathing, and 
as this applies to many cases, each requiring a 
different treatment, it follows that many 
different kinds of bath must be fixed in 
positions to suit each and all requirements. 
As the baths are used medicinally the patients 
must at times be so placed that the medical 




Fig. 554. 
man can carefully watch the result, and at the 
same time not to become so wetted as to hinder 
him from attending his other duties without 
first changing his clothes. One patient may 
require to be deluged with water and another 
one have only a fine spray. One may be 
ordered to have a bath generally and another to 
have only a local application; one to be treated 
quickly and another to have a long continuous 
application. Some of the fittings must be 
arranged so that a special application can be 



applied to a patient in any position. As 
temperature is an important factor in the ques- 
tion, it follows that each and all of the various 
baths should be fitted with thermometers. 
These should be watched, and, as the tempera- 
ture of the water varies a great deal in only a 
few seconds of time, the supply cocks frequently 
adjusted to maintain an equal heat in the issu- 
ing water. It is beyond our province to go 
deeper into this matter; indeed, it is entirely a 
doctor's question, and the preceding remarks 
are only intended to help the student to intel- 
ligently interpret such people's wishes when 
called upon to construct anything special for 
the treatment of poor suffering humanity. The 
supply-pipes, cocks and thermometers, which 
are not shown in the figure, should be fixed on 
the surface of the walls and not hidden from 
view, although in some cases the hot water 
pipes would require to be treated so that 
patients could not burn themselves by falling 
against them. 

Turkish Baths. 

This part of our subject is much too large to 
be dealt with in a short lecture, and neither can 
it be called a branch of plumbing excepting so 
far as fitting up the water appliances extends. 
A few remarks, however, will not be out of 
place, and will help the student to better grasp 
the requirements of such institutions. To 
begin with, the building must have special 
rooms, each of which must be thoroughly ven- 
tilated, capable of being heated to any degree 
of temperature from 6odegs. to 26odegs. Fahr., 
with all necessary w.a's, ordinary lavatory 
appliances, in addition to others for the treat- 
ment of the bather, and which in this case may 
be called special. A small entrance lobby 
should be provided in which coat, hat, boots, 
&c, can be left, or, if in a private house or 
small hotel and space does not allow for this, 
they can be left in the dressing-room. If this 
is very far away from the bath-room thick 
wraps should be used, especially when cold 
draughty corridors have to be traversed. 
Inside the lobby should be a room heated to an 
ordinary temperature in which the bather can 
undress, redress, attend to his toilet, and lounge 
(after bathing) until he has got over the fatigue 
and the heat of the body is reduced to its 
normal temperature. A second room, heated 
to about no degs. to i2odegs. Fahr., to be 
fitted up with a marble bench, on which the 
bather is shampooed, rubbed and kneaded. In 
or near this room should be fitted a combina- 
tion plunge, needle, shower, spray and douche 
bath. Outside of the same room, but not in 
direct communication with it, should be fitted a 
w.c. and lavatory. In more ambitious arrange- 
ments a plunge or swimming bath is a great 
improvement either in or adjoining the above 
room, the air temperature being kept the same. 
A third room, heated to about 240 degs. to 260 
degs., is necessary for inducing perspiration. 
With regard to the construction of the room the 
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walls (if external) are best if built hollow to 
prevent radiation of heat For the same 
reason double glazed windows should be pro* 
vided. The floors, walls and ceiling should be 
of some material that will resist the action of 
water. The walls may be covered with glazed 
tiles, but those that are unglazed are best for 
the floor, and if they have slightly roughened 
surfaces there is less liability of the bather tak- 
ing an involuntary slide. 

As the whole should be kept scrupulously 
clean, and has to be frequently washed with 
copious streams of water, the floor should be 
laid to tail to an outlet, and if a plunge or 
swimming bath is below the floor level a raised 
kerb should be fixed to prevent floor washings 
fouling the contents. Although the floor ot the 
hottest room should be kept as clean as the 
others, the washing should not be done either 
at the time of, or just before, being used. The 
temperature of this room being higher than 
that cf boiling water any moisture in the air 
would be at steam heat and scald the bather. 
Where this " sudatorium * or sweating room is 
used by several people, either together or in 
quick succession, the odours will become very 
unpleasant, so that it is very necessary to make 
ample provision for ventilation to keep con- 
tinually changing the air. The foul air should 
be extracted through gratings in the floor con- 
nected to a shaft with an induced air current. 
Although the ventilation should be thorough, it 
should not be too violent, so that the motion 
of air in the room approaches to a draught as 
felt by the occupant or bather. The other 
rooms should be ventilated as usually practised; 
but here again provision must be made to 
prevent anything that appioaches a draught 
which would give a "chill" to the person or 
persons in them. 

With regard to heating the rooms special 
methods have to be applied. A hot water 
boiler with radiators would get up sufficient 
heat for the outside rooms, providing that the 
same boiler was not used for supplying the 
hot water to the bathing appliances, and which 
would cause the temperature to vary to a con- 
siderable degree. But for the sweating room 
the temperature of the air should be consider- 
ably above that of boiling water. Hence a 
steam boiler with super heater and tubes, or a 
hot air stove, must be used. In either case fresh 
air passes through the heating medium into the 
rooms as may be found desirable, the current 
being regulated by "hit-and-miss" gratings. 

Very few establishments have steam boilers, 
and for this reason stoves are generally used for 
heating the air for Turkish baths. 

In a small sweating room an ordinary laundry 
ironing stove can be fixed for heating, but such 
stoves are not entirely satisfactory and not at 
all suitable for large establishments. The stove 
will get red hot and "burn" the air, thus 
destroying one of its constituents, oxygen, 
which is necessary for supporting life. Although 



the air has to be very hot it does not necessarily 
follow that it must be so changed that people 
would be suffocated if they took a baih under 
such conditions. And again, the ventilation of 
a room could not be made efficient without 
sacrificing the heat engendered by the stove. 
Another evil is, the heated air rising from the 
stove is replaced by the other, and cooler, in 
the room, so that the same air is heated over 
and over again. It also gradually becomes 
more unfit for breathing owing to pollution by 
emanations from the bather's body. The room 
is not at the proper temperature throughout. 
For these reasons the use of such stoves can be 
considered only as makeshift arrangements. 

The best regulated establishments are heated 
by means of air which has passed through or 
round stoves specially constructed. An ordi- 
nary fireclay retort, as used in gas manufac- 
tories, can be fixed, the heat being applied 
outside, and the air to be heated passing 
through to the ducts leading to the hot chamber. 
Or the retort can be fired inside and the air 
passed outside. There are a few cast iron 
stoves in the market which are very suitable for 
heating air for Turkish baths. Some of these, 
known as *' Gill Stoves," are built in chambers 
having fresh air inlet channels, or grated open- 
ings, and other channel* constructed for con- 
ducting the heated air to the desired room. 
These stoves are usually fixed in small cham- 
bers with very little space between the heater 
and the walls at the sides. By some, it 
would, perhaps, be considered as having a ten- 
dency to waste the heat, but it is much better 
to have the chamber so large that a man can 
get inside to clean, or sweep out the dust which 
accumulates to a serious extent inside, and also 
on the heater. Not only is the heating power 
minimised, but the dust, which olten consists of 
matter having a vegetable origin, is scorched, 
and the fumes mixing with the heated air 

Cassing into the sudatorium is inspired by the 
ather to his injury. 

The heated air should not enter at one point 
but be divided into streams entering at several 
places, and so arranged that some parts of the 
room are hotter than the others. The bather can 
then select that which is most suitable for him. 
In small establishments the heating should be 
commenced some considerable time before the 
room is used, otherwise the walls would be so 
cold as to feel chilly when approached. In 
large establishments special hot air flues can be 
constructed in the walls and thus warm them. 
The heat radiating from such walls would help 
to keep up the temperature of the room. 

There are a great many other details in con- 
nection with Turkish baths, but having dealt 
with a few of the leading points, it is not neces- 
sary to proceed further with the subject, it 
having so little interest for ordinary plumbers. 
The construction of such works is generally 
placed in the bands of those who have a special 
knowledge of the matter. 
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THE position in which to fix wash-hand basins 
should always be well considered. No matter 
how well they may be fitted up and pains taken 
to prevent bad air escaping from them, they are 
always liable to be improperly used, more 
especially when fixed in bedrooms. It is not 
only in what may be called the mansions of the 
wealthy where evils have been discovered, but 
in some public institutions. Whenever inspect- 
ing a house, and the writer finds wash basins 
fixed in bedrooms, and having waste-pipes and 
water supply-cocks attached to them, he always 
suspects that the servants empty the contents 
of the pot de chambre into the basins, and in 
the majority of instances finds this to be the 
case. Frequently complaints of smells in such 
places have been made and men sent to seek 
the cause, but could find nothing wrong with 
the trapping or disconnection of the waste water- 
pipes. On holding a lighted match so as to 
touch the inside of the basins the odour of 
urine has at once become noticeable, thus 
proving beyond doubt what the servants very 
often take great pains to deny. For this reason 
alone we are led to the conclusion that wash 
basins should never be fixed in bedrooms. This 
applies not only to basins with waste-pipes 
emptying into gully-traps outside the house, 
but also to those which are arranged to dis- 
charge into slop buckets placed inside the 
enclosures. On opening the doors of the latter 
kind of fitting, the writer has found the stench 
almost equal to that of a cesspool. As an 
excuse for the servants who practice the above 
filthy act, it must be said, in most cases no 
proper convenience is provided for the recep- 
tion of slops, or when provided, it is at such a 
distance from the looms that they, the servants, 
are tempted to do that which gives them the 
least trouble. 

As an example of the same evil on a larger 
scale may be taken a school where, in each 
dormitory, is a range of 10 or 12 basins. The 
waste-pipe from each basin empties into a lead- 
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Fig. 555. 
lined wooden trough, which has a trap fixed at 
one end and a 2 in. waste-pipe from that to an 
open hopper head outside. The trough is 
lined inside with black, ill-smelling slime ; and 
here, again, the odours are suggestive of urine. 
Each dormitory has 20 to 24 beds, and the 
nearest sink is in a wing remote from the rooms. 
Fi£. 555, is a sketch pUn of one of the dormi- 
tories. Although these and similar arrange- 



i ments may not actually breed any disease they 

cannot, under the given circumstances, be 
accepted as being sanitary, and should be 
condemned. 

Wash basins with waste-pipes to them should 
be tixed in properly appointed dressing-rooms 
or lavatories, and, to be thorough in reasoning, 
such rooms should sot be in direct communica- 
tion with sleeping apartments. In these latter, 
portable conveniences should be provided. 
Wash basins in various parts of a house are a 
great convenience for use during the daytime, 
and often save the disarrangement of those in 
the bedrooms. Some people like them in each 
w.c, but one or more should always be next to 
a billiard-room and one near the garden 
entrance. In country mansions a similar 
tilting should be in the gun-room, and in 
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large establishments one should be fixed for 
the cook or chei's use. Men-servants 1 quarters 
should have similar conveniences, if only to 
avoid maid-servants having to enter the rooms 
two or three times a day to empty the slops 
and provide clean water, which must be 
d»>ne when the men are dressing for their 
various Huties. Where men-servants have to 
sleep in the butler's pantry, which, although very 
objectionable, frequently has to be done for 
guarding the plate, proper conveniences should 
be provided for them. A wash basin for their 
use would do away with the necessity of using 
bowls, in which plate and dinner glasses are 



Digitized by 



Google 



WASH-HAND BASINS. 



«S 



washed, when shaving and washing preparatory 
to donning their livery. 

With regard to the materials for wash basins 
little can be said. At one large mansion, in 
which the writer is interested, they are all to 
be hewn out of solid blocks of various kinds of 
marble. In a few cases they have been made 
of metal, but in general, porcelain is the 
material used. Than this there is nothing 
better. It is not porous, nor absorbent, and 
does not change colour to such an extent as 
marble, although inferior goods go crazy in the 
glazing. Some kinds of water will also stain 
the porcelain, but this is difficult to avoid. 
There are clients who have a preference for 
highly decorated basins, but in the writer's 
opinion those which are white or cream tinted 
are the best, as anything that has a tendency to 
hide or disguise dirt in any form is objec- 
tionable. 

A few years ago all basins were made round 
on plan, as A, Fig. 556. Such are not at all 
comfortable to use, and this led to the intro- 
duction of the so-called oval, or "elbow-room," 
shown at B. During these last few years a 
form of basin has been introduced the plan of 
which is shown at C, Anyone having used 
this latter basin will have found it better than 
the others. When dipping the hands to rinse 
the face the arms do not scrape on the edge, 
and water running of! the wet arms is not so 
liable to run onto the floor or the user's dress. 

The size of wash basins must be governed by 
the circumstances for which they are required. 
Those in w.c's or by the garden entrance need 
be only 13 in. to 15 in. in diameter, but for 
toilet purposes they should be much larger. At 
some works in hand at the present time, we are 
fixing basins shaped as at B, Fig. 556, 28 in. by 
22 in., measured inside the top rim, by 8 in. 
deep. And these are not at all too large, 
especially when fitted up with head shampoo- 
ing arrangements. Under these latter con- 
ditions the basin shown at C, has an advantage 
over the others shown in the figure. 

The height at which basins should be fixed 
has to be varied. Usually this is about 2 It. 6in. 
to 2 ft 8 jn. This answers very well for general 




use, but when fitted in dressing-rooms and used 
for shampooing the head 2 ft. 2 in. to 2 ft. 4 in. 
is quite high enough. A sitting position is 
usually adopted during the operation and it is 
necessary for the chin to be inside the top rim 
for the water to run into the bowL This detail 
is here dealt with as numbers o! basins are fixed 
about 2ft loin, above the floor and are found to 



be most uncomfortable to use. Another objec- 
tionable detail in this connection is the wide 
margin between the front of the lavatory top 
and the inside of the basin. During these last 
lew days two such cases have come under the 
writer's notice. Fig. 557 shows a basin with a 
marble top and the space at X is 6} in. Another 
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example is fixed in an earl's dressing-room and 
is shown by Fig. 558. The basin has a porce- 
lain top, oblong in shape, and has a marble slab 
fitted over as shown in the figure. The space 
from the inside of the bowl to the front edge of 
the marble is 6J inches. The evil is aggravated 
by the thickness of the marble top and the 
cabinet enclosure, which is made for holding 
slippers and other matters, which is not 
recessed or otherwise constructed in front for 
the knees and toes. Fig. 559 is a section drawn 
to a larger scale to explain this. The height 
from the floor to the top of the marble is 2ft 8in. 




Fig. 559- 

The whole is most elaborately fitted up and 
looks very nice but is most uncomfortable to 
use. The user has to stand with all the 
weight on the toes and when washing 
some of the water is splashed onto the floor or 
his dress. The space in front of a wash-basin 
should not exceed 3m., but in the case of a 
marble top, that point is rendered very weak. 
Those who have much of this kind of work to 
do know that numbers of such tops get broken 
at the point mentioned either in transit or in the 
act of bedding them in their positions. In the 
writer's knowledge such breakages amount to a 
serious item of expense, and with the object of 
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minimising this loss a great many marble tops 
are made with 4 in. margins in front. 

A great many ordinary wash basins have the 
outer edges of the rims turned slightly down- 
wards. With such it is very difficult to make a 
good joint between the marble or slate top and 
the basin. Should the material used for the 
joint become defective, and sooner or later it will 
do so, water will pass through and make any 
woodwork beneath quite rotten or so saturated 
with soapy water as to smell offensive. When 
the outer edge of the rim is made to turn slightly 
upwards any water getting into the joint can 
more readily run back into the basin. Another 
weak detail in construction is the overflow arm. 
This is generally attached to the outside, close 
to the rim, and a few holes or perforations are 
made in the side of the basin for any excess of 
water to flow through and into a pipe fixed for 
conveying it away. On looking into these holes 
they always present a dirty appearance and an 
unpleasant odour of stale soap is found to issue 
from them. To hide the dirty appearance re- 
ferred to, some of the better class of basins have 
what is known as " shell " overflows. That is, 
instead of Laving the exposed holes, a piece of 
the same material as the basin is moulded to 
the shape of a shell and fixed over the opening 
on the top side, an open space being left on the 
under side for the water to pass through. This 
does away with the dirty appearance referred to 
but does not get rid of the unsanitary odours. 
The shell is also objectionable by reason of its 
preventing the inside air escaping. When the 
overflow pipe is attached to the trap, as shown 
in Fig. 102 in an earlier lecture, the bottom end 
of the pipe is sealed by the water in the trap 
and, when the basin is filled to overflowing, both 
ends being covered, the pent up air cannot 
escape. The pipe is then a air-bound M and 
rendered useless. To prevent this, small air 
holes have been made either in the shells or the 
tops of the overflow arms. Some plumbers 
will get over the trouble by leaving the joint of 
the arm to the pipe unmade for the air to escape 
in that way. Some wash basins have brass 
grated overflow connections and others have 
channels formed in the material of which the 
basins are made. These channels lead down 
and are connected to the waste outlet and are 
not at all good, as they cannot be cleaned when 
dirty, and it is difficult to remove any obstruc- 
tions when they are choked. 

None of the arrangements that have been 
described can be considered as being thoroughly 
sanitary. This applies not only to our present 
subject, but to all kinds of sanitary fittings hav- 
ing overflows down which dirty water passes and 
which cannot be readily cleaned inside. A lead- 
ing sanitary engineer bas designed one which is 
open at the top, so that a small mop or brush 
can be used for scrubbing the inside of the pipe. 
Although open, provision is made for preventing 
small pieces of soap or other matters falling in 
and blocking up the pipe. Fireclay and pottery- 



ware sinks with attached overflows have been 
treated in the same way. When writing oa 
baths, the same detail was referred to in that 
connection. 

Standing or trumpet-mouthed combined waste 
and overflow pipes have also been designed for 
both baths and wash basins. They are made 
removable, so that they can be lifted out, scalded 
and cleaned. In places used by the public: 
generally, this detail becomes of great import- 
ance, as we do not know to what extent certain 
diseases can be transmitted by the use of either 
baths or wash basins which are not so con- 
structed that every part can be periodically- 
cleaned and disinfected. To no institutions does 
this apply more forcibly than to hospitals and. 
similar places, where people suffering from, 
various diseases use the same sanitary conveni- 
ences, and which become the medium for com- 
municating these diseases to other persons. So- 
that the importance of these remarks may be 
fully realised, it may be mentioned that in some 
institutions the nurses and attendants are not 
allowed to use the same lavatory conveniences, 
that are used by the patients. 

Another unsatisfactory detail in connection* 
with wash basins is the size of the holes in the 
bottoms. Nearly all makers err in having 
them so that only a very small waste-pipe can 
be attached. When writing on flushing drains,, 
it was stated " even the small quantity of water 
from a wash basin should be made to contri- 
bute its portion of the work of drain cleansing." 
Forgetful of this rule, basins are being made 
with such very small waste holes that the 
largest size plug or connection that can be 
used has a diameter of only about £ in. True, 
in fixing such fittings, large size traps and waste- 
pipes are sometimes used, but these avail 
nothing if the water cannot pass quickly out of 
the basins. Under these conditions the traps 
readily choke up (see lecture on " Traps * and 
text accompanying Figs. 270 to 275) and the 
waste-pipes become foul inside. And, again, 
a basin that takes a long time to empty will try- 
the users patience to the utmost extent, and 
when the water bas finally disappeared the sides 
are found to be covered with black, or dirty 
looking, soap curds, which have to be washed 
away by partly filling the basin with clean 
water and again waiting for that to flow away. 
The reasons given and suggested are sufficient 
to prove the necessity of having good sized 
waste holes. These should be large enough for 
the connection, trap, and waste-pipe to have a. 
waterway throughout of at least 2 in. in diameter. 

When basins are of a round shape there is 
some difficulty in getting the water to flow away 
quickly owing to a vortex forming in the centre. 
With those shaped as shown by C, Fig. 556,. 
this whirling motion does not take place to any 
serious extent, and when the outlet opening is. 
nearer still to the side than shown in the sketch, 
or is partly in the side, as mentioned when 
writing on bath wastes, and illustrated by the: 
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outlet at the end of Fig. 543, the motion is 
entirely stopped and the basin empties very 
quickly. 

All the basins that we have dealt with are for 
fixing with marble, slate, or other tops to them. 




Fig. 560. 

There are others with porcelain tops which are 
attached to and form a part of the basins. That 
shown in Figs. 558 and 559, is of this descrip- 
tion. A view of a similar one, but with skirtings, 
is shown by Fig. 560, and one for fixing in an 
angle by Fig. 561. From a sanitary point of 
view these are much better than the basins with 
separate tops, as there are no objectionable 
spaces for dirty matter to accumulate in. For 
comfort they are too small, owing to the diffi- 
culty of producing them of a large size and 
with plenty of top surface for holding toilet 
brushes, soap, and the usual conveniences, and 
also for catching any water that may be splashed 
about when being used. As a considerable 
amount of dirty matter will sometimes stick to 
the inside of basins they have been made with 
hollow rims, round which the incoming water 
passes and escapes through the perforations 
or openings made for the purpose. To rinse 
the dirt off the sides the water is turned on for 
a tew seconds, when the basins are flushed 
similar to those of w.c's. Provided the matter 
has not dried on the flush will wash it away, 
but will not do so when once it has dried. 
Another way for flushing is to have a brass 
spreader connected to the back of the basin. 
The service-pipe is attached to this, and the 
water spreads around, thus taking away all 
objectionable matter, similar to a w.c. basin 
with a fanned flusher. 

The basins shown by Figs. 560 and ;6i have 
attached skirtings, which are a great advantage. 
These being of one piece with the rest of the 
fitting there are no joints to become defective 
and allow water to pass through. They have 
also raised beads on the front edges, so that any 
water that is splashed about must run back into 
the basins instead of onto the floor. Soap and 
brush sinkings are also provided, as shown in 
the figures, and porcelain covers are generally 
sent with them. The latter are perfectly use- 
less, and generally lound to be in the way, with 
the result that they are purposely thrown aside 
or become broken by accidentally falling about. 



A few years ago it was usual to have small 
porcelain gratings in the above sinkings for the 
soap and brushes to lie upon, but the general 
practice now is to have raised bars moulded in 
the bottom of the sinkings for keeping the soap, 
&c, from being constantly wetted. On looking 
over manufacturers' catalogues a great many of 
the illustrations show small holes in the sides of 
the basins. These represent waste pipes from 
the above sinkings. In practice large numbers 
of fittings are found to be so made, and in use 
the holes are in a chronic state of being choked 
with soap in a semi-liquid condition and 
emitting unpleasant odours. The better class 
of manufacturers have now discarded these 




Fig. 561. 



small waste pipes, and form small channels on 
the surface of the top for the drainings to run 
from the sinkings into the basins. These are 
similar to those shown in Fig. 562. 

Two of these so-called "cabinet wash 
basins" have been shown as examples of their 
kind, but they can be had in a great variety of 
forms which would be too tedious to describe. 
Suffice it to say that on looking through one 
merchant's book no less than 97 different 
patterns are illustrated. Their title of "cabinet" 
is rather misleading, as, although large numbers 
have cabinet enclosures, a great many are sup- 
ported on skeleton brackets fixed to the walls, 
thus leaving the spaces beneath quite open, so 
that they can be cleaned with the rest of the 
floors. For fixing in private dressing-rooms 
unenclosed wash basins are not much liked, but 
from a sanitary view they are much superior to 
those which have cupboards to them. On 
opening the doors of the latter they are 
generally found to be filled with all manner of 
things in which empty, or half empty, medicine 
or lotion bottles, slippers, pieces of cracked 
crockery, dirty housemaids' dusters, and such 
things are conspicuous. Some enclosures have 
drawers to them, in which are kept sundry 
toilet necessaries and articles of clothing. The 
latter is a very bad practice as they become 
damp and unfitted for wear until they have been 
again aired ready for use. When the water 
cocks and pipes are leaking injury is done by 
the escaping water, and the plumber has great 
difficulty in making any repairs. As an excuse 
for enclosing lavatory basins it must be admitted 
that no matter how skilful the plumber may be 
and how smartly he may execute his work it 
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does not look nice when exposed to view and is 
fixed in a highly decorated and upholstered 
room. Perhaps some day we shall be able to 
overcome this matter by fixing basins with 
electro or nickel-plated attachments which will 
not look unsightly, and which I believe is done 
in high class work of this description in some 
of the principal American towns, both in hotels 
and piivate mansions. 

Although the entire abolition of enclosures to 
cabinet wash basins may not come into general 
practice, there is no reason why they should not 
be reduced in size, as shown by Fig. 562, and 
their use confined to simply hiding the plumber's 
pipes and fittings beanth the basin. Not only 
would less room be occupied by the fitting, but 
it would be more convenient to use as the person 
could stand closer, when leanin? over the basin. 




Fig. 562. 

on account of the space beneath being open 
for the feet and knees. The evils of ordinary 
arrangements were dealt with above when 
describing the fitting shown by Fig. 559. When 
fixing that shown by Fig. 562, it must be securely 
fixed to the back wall, otherwise it would have 
a tendency to fall forward. There are firms of 
irontounders who sell cast-iron brackets for 
fixing to walls for supporting wash basins. 
Those the writer has seen were very neat and 
strong and with them no enclosures are 
necessary excepting where it is desired to hide 
the plumber's work beneath. In such cases the 
enclosure could be made as shown by Fig. 562, 
and, if in one piece, the whole could be removed 
for access to the pipes, without much trouble. 
This would also be more sanitary than having 
hinged doors which could be easily opened and 
which would enable people to make "glory 
holes 1 ' of the places for everything that had not 
any immediate use. 

There are several ways, and a variety of 
fittings used for emptying wash basins. Many 
are good, but a considerable number are not so. 
The great trouble is to get people to understand 
the many points that should always be borne 
in mind by plumbers and engineers when de- 
signing and executing sanitary works. In all 
cases cleanliness should be the goal striven 



for. Every precaution should be taken to keep 
everything clean. Not only wash basins and 
their surroundings, but the traps beneath, the 
waste pipes, gulley or interceptor traps, and 
drains from them extending to the sewers, and 
even the sewers themselves, should be kept un- 
fouled. Some portions can be seen and are 
attended to when dirty. The invisible parts are 
out of sight and rarely, if ever, considered. 
Sometimes standing orders are given for the 
plumber and drain man to attend periodically 
and wash and disinfect all channels in connec- 
tion with sewage and waste water. The clean- 
ing may be thoroughly done, but a few hours 
afterwards the evils again begin to accumulate. 
If every person could be made to grasp the 
vital importance of clean drains, waste pipes, 
and sanitary fittings, and that the best means to 
that end is to make use of all the water, either 
dirty or otherwise, at their command to scour all 
the passages it travels through, we should then 
be better off from a hygienic point of view. 
We could not very well get on without a great 
many of our present day sanitary fittings, many 
of which are patented; but an article that is so 
patented, no matter how good it may be, is 
perfectly useless for the above purposes if there 
is not a proper water supply attached. And 
again, patented or not, sanitary appliances that 
empty slowly, so that water only dribbles away, 
foul those parts which would be kept fairly 
clean under better arrangements. This matter 
has frequently been referred to in these lectures, 
but no apology from the writer for repetition is 
necessary, as he is constantly meeting people 
who never attempt to be, or fail to appreciate 
the importance of being, thorough in their under- 
takings, preferring to simply deal with superficial 
details. These remarks apply to all kinds of 
plumbers' or sanitary fittings, including wash 
basins. The evils are doubtless experienced 
almost daily by readers in all parts. 

To those of moderate experience the matter 
can be made clearer by means of drawings. 
Fig. 563, is a sketch of a wash basin, showing 
what the writer is constantly running against. 
In the basin a f in. plug and waste connection, 
the union of which is soldered to a 2 in. pipe 
which is joined onto and forms the " dip " of a 
7 in. deep lead D trap. In the cheek of the 
trap a large size brass cap and screw is soldered 
for access for removing the filth that accumu- 
lates inside. The waste pipe is often found to 
be reduced as shown in the figure. The plug 
being small the basin empties slowly, the float- 
ing soap-curds enter the trap, where they 
decompose and remain until the outlet becomes 
choked, and the plumber is sent for to remove 
the stoppage. If the trap becomes foul inside 
the waste from it must be in a similar condition. 
The gulley trap into which the latter empties, 
and the drain from it is also rendered very 
dirty. In a great many instances cross bars 
are fixed inside the waste connection to the 
basin, for preventing rings, &c, passing through, 
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thus further reducing the waterway. Under 
such conditions the basins take from a half to 
two minutes to empty. This time being further 
extended when the waste passages are partially 
choked. The plumber is in constant requisition 
to remove certain matters out of the trap and 
pipe which, under proper arrangements, would 
have been washed away into the sewers or wher- 
ever the waste water is discharged The remedy 
for all this is to have a large, clear way passage 
for the waste water to leave the basin and the 




Fig. 563. 
gulley trap, and drains which receive the waste 
to be much smaller in size than is usually 
practised. Referring to Fig. 564, the plug and 
waste connection are shown in section, and are 
apparently larger than the trap and pipe 
beneath. The enlargement is necessary be- 
cause of the space occupied by the grating, 
which must be fixed for intercepting pieces of 
soap or anything large, which would choke the 
pipe. The plug is best made of "woodite," 
" ebonite," or some similar material, as if made 
of brass, or any hard metal, it would in falling 
break the basin. On looking into the details of 
the waste connection it will be noticed that 
there are no projections inside or sharp edges 
for the escaping water to impinge against, or 
spaces in which filth can accumulate. Even 
these small details must be taken into con- 
sideration if we want to be thorough in our 
efforts to reach perfection. The union to the 
waste connection is best when made like those 
used by steam engineers, that is, " ground in," 
and thus avoid having to use grummets or 
washers made either of hemp or leather. To 
prevent the plug being lost it should have a 
chain attached, and this is the principal objec- 
tion to plug wastes. The links of the chain 



get filled with ill-smelling matter, and when 
the basin is being used the chain is caught by 
the fingers and the plug jerked out of its place, 
thus emptying the basin. The first evil can be 
minimised by frequently scrubbing the chain 
with hot water, soap, and a brush, and the 
second one by being careful when using the 
basin. Both evils can be avoided by using 
sunk plugs with keyed spindles. The plug has 
a knob below the basin level, by which the 
basin is emptied. Some people object to this 
arrangement as they have to put their hands 
into the water, sometimes after usage by some- 
one else, to empty the basin for re use. It will 
be noticed that the trap and waste pipe are of 
the same size, and the waterway through them 
is what is called "full bore" throughout A 
piece is cut out of the bottom of the trap to 
show the so-called screw cap in section, and 
which represents the ordinary market form of 
such fittings. The plug being hollow, filth can 
lodge in it, and the sharp edges inside the trap 
to a certain extent retard the velocity of the 
water passing through and partially destroy its 
scouring,or cleansing force. Fig. 565, is an 
enlarged section showing the plug as improved 
upon by two or three of our leading engineers. 

m 




Fig. 564. 

The plug A, is solid, aid the end B, is made to 
the hollowness of the inside of the trap. The 
short branch pipe C, Fig. 564, and the con- 
tinuation of the waste pipe will be referred to 
further on. 

There are several patented waste valves for 
attaching to washbasins, but it is not necessary 
that we should refer to all of them. Two or 
three examples will be sufficient for our pur- 
pose. One is very similar to that of a valve 
w.c By pulling up a knob a lever is raised; 
this acts on a "tumbler," opens the valve full- 
bore, and empties the basin very quickly. An- 
other one, which is patented, is shown by Fig. 
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566. On raising the lever D, by means of a 
knob above the basin top, the valve opens full 
bore and the water runs away in a few seconds. 
The grating at E is made very large, and the 
perforations have a waterway through them 
which, in the aggregate, exceeds that through 
the trap and waste pipe. 

Another kind of so-called M quick waste dis- 
charging apparatus " for wash basins is similar 
to that shown at K M, Fig. 542. Although 
much used this arrangement is unsanitary. 
The reasons were given when writing on bath 
wastes. 

A great many basins have ordinary stop valves, 
or cocks, for emptying. These are soldered into 
the waste pipes and turned by means of long 
keys or spindles with knobs or levers fixed 
through the tops of the basins. With these 
appliances the traps have to be fixed some little 
distance away from the basins. The intervening 
pipes are found to give off musty, soapy odours, 
and the practice has been condemned by many 
leading sanitarians. 

When designing or fitting up wash basin 
waste arrangements the principal object to be 
gained is to make them so that they will quickly 
empty for the reasons already given. A further 
detail is to have a trap to each basin, the trap 
being as close to the basin as can conveniently 
be fixed. The overflow from the basin should 
be so arranged that it can be periodically cleansed 
inside. The traps and waste fittings should 
be what is commonly expressed as being self- 




Fig. 565. 

cleansing, which means that the passing water 
will, by its friction against the inside, scour off 
any adhering matters, the water running at 
such speed and passing away so quickly that 
soap curds and dirty matters held in suspension 
have not time to separate or become deposited 
in any point. Two examples of constructive 
details were shown by Figs. 102 and 103 in an 
earlier lecture, but we may refer to others at a 
future time. 

Some years ago, so-called "tip-up" basins 
were invented by a prominent sanitary plumber. 
They are now made by almost all manufacturers 
of sanitary fittings. These basins have a pair 
of brass bushes keyed onto the sides. These 
bushes rest on trunnions fastened onto deal tops, 
and the basins are so hung that when out of 
use, or when filled with water, the tops are 
horizontal To empty them they are "tipped 
up," by raising the front edge, by means of the 
lip at F, when the contents are emptied into a 



"receiver" beneath, no waste holes in the 
bottoms, nor plugs nor valves being at all 
necessary. When first introduced the receivers 
were made of wood and lined with zinc or lead. 
These were found to be so very foul in use that 
thev were condemned as being unsanitary, 
more especially when several basins were fixed 
over one trough. Improvements were then 
made, and each basin had its own outer chamber, 
this being generally made of sheet zinc, but 
success was only partial. This chamber was 
then made of porcelain, the same as the basin. 
Those of early introduction were found to have 
many objectionable points, the principal one 
being the dirty condition of the insides caused 
by tae splash ings from the basins. The out- 
sides of the latter also got very dirty. Later 
introductions have been considerably improved. 
The section of the combination is shown by 
Fig. 5°7» and will help to explain the following 
details. The outlet of the receiver is at the 
back at G instead of the centre ot the bottom. 
This prevents so much splashing, and con- 
sequent fouling inside, and also the water wash- 
ing over the front, when being emptied, onto 
the person using it. The basin has a better 




Fig. 566. 

arrangement, so that the overflow water drops 
into the receiver instead of running down the 
outside of the basin, and the latter can be 
lifted off its trunnions for washing and cleans- 
ing. For hard wear in public lavatories these 
fittings answer very well, and as they are 
emptied very quickly they answer one of the 
points that was raised above. When under 
the charge of an attendant who knows his 
duties, and executes them, very few odours 
escape from the receivers, simply from the fact 
that being kept clean there is nothing to cause 
a smell. There are numbers of places, where 
tip-up basins are fixed, that present woeful 
appearances from the wretched way that repairs 
are executed. If a basin or receiver gets 
broken instead of sending to the original 
manufacturers to have it replaced, or for a 
duplicate, some one else is sent for who buys a 
basin anywhere and takes very little pains to 
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get an exact copy of the original. The result is 
that the basin may be too large or too small to 
fit the marble top, or is out of shape, and 
frequently of a different tint or colour, or not 
properly balanced owing to the trunnions being 
out of centre. How often when travelling 
about one runs against a lavatory with basins 
in ranges, each bearing a different firm's name, 
and the whole presenting a dilapidated appear- 
ance. Surely it would be much better, when 
replacing anything broken, to send to the 
manufacturers of the original, who for the sake 
of keeping up their reputation would take every 
pains to get a satisfactory result. These 
remarks apply to repairs of all kinds, and recall 
to memory a remark by Mr. C. J. Fergusson, 
an architect living in Carlisle, who, at a lecture 
given by the writer in i88g at Carlisle, •' sug- 
gested that ordinary lead pipes, traps, and such 
fittings should never be repaired ; new ones 
should be substituted. If this were done 
everything would then be in good working con- 
dition and present a respectable appearance, 
and there is not the least doubt this would 
eventually be found to be true economy. 

Mention has already been made as to enclos- 
ing wash basins, and we may here refer again 




Fig. 567. 
to the subject, but assuming the basins to be in 
ranges and fixed in schools and other places 
where they are subjected to hard and, it may 
be said, unfair usage. Because of this latter 
many fittings are made clumsily, and which are 
entirely unsuited for their purpose. One has 
been referred to, see the text accompanying 
Fig. 55. It is all very well to aim at strength 
of, and simplicity in, construction, but with our 
present knowledge of sanitation and the im- 
portant part that plumbers' work plays in the 
matter it must surely be looked upon as a crime 
to [do .anything that may lead to ill-health. 
When sanitary fittings are used by large num- 
bers of people, either adults or children, such 
fittings not being properly constructed, it is 
terrible to think of the evils that may follow. 
We are constantly being told of various ways 
by which disease can be transmitted, the latest 
being that kissing is dangerous. Of course we 
cannot have a separate w.c, bath, or wash 
basin for every person, but we can take every 
precaution for preventing those fittings being 
the vehicle for conveying the germs of disease 
from one person to another. Every part that 



comes in contact with the person ot the use - 
can be kept clean by an attendant or servant 
the plumber can do his work in a satisfactory 
manner, but the selection ot the fittings he uses 
are very often beyond his control, although 
in some cases he may be held responsible for 
that also. One ot the commonest found ranges 
of wash basins is where they all empty into a 
horizontal pipe which is very large, is fixed a 
considerable distance away, thus necessitating 
long branch waste pipes, and which do not have 
any traps on them and which can become the 
medium for transmitting disease germs. 

Fig. 568 is a sketch of a range of wash basins 
similar to those often found in public elementary 
schools. At first sight the fitting may appear 
to the uninitiated as being good, but it is not so. 




Fig. 568. 

The basins made of cast iron and enamelled 
inside ; the bearers, legs and waste pipes being 
all cast-iron, and the top of slate, the whole is 
very strong and difficult to injure even by the 
most determined schoolboy who is bent on mis- 
chief. Not having any enclosure the whole is 
open for inspection, but on looking into the con- 
struction it will be seen at a glance that there 
are corners and places on and near the floor 
that are not easily accessible for cleaning. Large 
numbers of such fittings are found to harbour 
dust and dirt which, on being wetted by splash- 
ings from the basins, or even when washing 
down the floors, is converted into mud in which 
fungoids can propagate. The floor space 
beneath can neither be swept nor washed in a 
proper manner, hence an accumulation of foul 
matter which, under better conditions, would 
not be. To prevent these latter evils, the 
basins and top should be supported on brackets 
fixed to the back wall instead of having leg 
supports, and the angles formed by the floor and 
walls to have hollowed fillets, as shown at A, 
Fig. 569. The writer has advocated these fillets 
for several years past and is interested to know 
that several architects apply the principle in all 
cases where it is deemed advisable to do so. In 
a recently constructed wing of a large hospital, 
the whole of the wards, passages, nurses' and ad- 
ministration rooms have been so arranged under 
the architect's instructions that it is difficult 
for any microbe to find a corner to rest in. No 
doubt this principle will extend in the future, 
and it ought to be introduced into all dwelling 
houses, not only for health's sake, but to save 
the servant's time picking dirt out of corners by 
means of their hair-pins when beyond the reach 



Digitized by 



Google 



72 



LECTURES TO PLUMBERS. 



of a sciubbing brush, or else lay under the ban 
of being dirty and slovenly. 

In Fig. 568 the horizontal waste pipe is too 
large, has no fall so that it can drain empty, is 
fixed some distance from the basins, and is not 
trapped to prevent an incurrent of air through 
the waste pipes. This air is rendered unfit lor 
breathing by having passed over the fouled, 
slimy, insides of the waste pipes, to which scales 
from sores on the children's hands, heads, and 
faces may be adhering. In defiance of the 




Fig. 569. 

great spread of sanitary knowledge during the 
last few years, there are people who still main- 
tain that traps are unnecessary under the above 
conditions. If they could only be persuaded to 
sink their crotchets and try a few practical ex- 
periments, even a lighted taper, or a piece of 
smouldering smoke paper, held over the ends of 
the waste and overflow pipes in wash basins 
would prove to them the fact of air passing in- 
wards, more especially during those times or 
seasons when doors and windows are not kept 
open, they would have their confidence in their 
own ideas very much shaken. As for air having 
passed through a dirty waste pipe being harm- 
less, those who uphold this would shudder at the 
idea of drinking any water, no matter how clean 
it was at starting, that had so passed. The air 
is as injurious for breathing as the water is for 
drinking. 

Fig. 569 i* a sketch showing a portion of a 
range of wash basins fixed to withstand hard 
wear, and which is without several of the objec- 
tionable details enumerated above. A further 
advantage is the absence of all woodwork, the 
supporting brackets being made of galvanised 
cast iron, with cross pieces made to proper 
shapes for carrying the basins. The cross 
pieces are so fixed that they can be taken away 
for renewing broken basins without having to 
remove the top, which, when made of marble, 
is frequently broken in the operation. The 
horizontal pipe B is fixed as close to the basins 
as possible to minimise the amount of internal 
surface which gets fouled in use. At the outlet 
end of this pipe a trap should be fixed to pre- 
vent an in-current of air. The whole being very 
strong and, standing independently oi the floor, 
there are no places that cannot easily be 
cleaned. Although superior to a great number 
of the fittings met with in practice, the arrange- 
ment shown by Fig. 569 cannot be accepted as 
being so good as that shown by Fig. 102 
in an earlier lecture, but the latter should be 
supported on brackets fixed to the back wall. 



The surroundings of basin tops are worth a 
few remarks. Frequently we find the walls at 
the back and ends unsightly from the splash* 
ings they receive. Not only do they look dirty, 
but they get saturated with fouled water and 
emit faint odours. When the walls are painted 
the surface will blister and peel off, and when 
covered with tiles the latter almost invariably, 
after a time, become loose, owing to the fixing 
material swelling by being constantly wetted 
and forcing them off. Skirtings are usually 
fixed round marble and slate basin tops, but, as 
a rule, they are only about 4 in. high, although 
in some cases they may extend to 6 in. In a 
tew instances these skirtings are 1 f L 6 in. and 
2 ft high, and for good work should never be 
less. Mirrors are a convenience when fixed 
behind washbasins, and add to their smart 
appearance, but they should be so high that 
they would not be injured by being wetted. 

When marble or slate tops are fixed, to 
either single or ranges of basins, they should be 
dished to a slight fall towards the centre and 
the skirtings rebated onto the top, as shown in 
section at F, Fig. 570. This will enable the 
splashed water which surrounds the basin when 
being used to flow into it, and prevent any pass* 
ing through at the jointing. Plaster of Paris 
is usually the cement used for bedding marble, 
and this material, by being constantly wetted, 
very soon becomes useless and presents no 
obstacle to water passing through to saturate 
u hatever is beneath. There is room for some 
one with an inventive genius to find out or 
manufacture some good substitute for plaster. 
The writer does not know of any suitable 
material. Whatever is used must not have any 
influence on the marble or stain it. Oil 
cement of various kinds has been used, by 
those who knew no better, resulting in the oil 
discolouring the marble and entirely destroying 
its appearance. With slate, oil cement is the 
best, but it should be coloured black to match 
the stone. 

When the supply cocks to basins are fixed as 
shown at C, Fig. 570, they will frequently get 
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loose, and leave openings through which water 
can pass. Here, too, plaster is used for filling 
the annular space between the marble and the 
shank of the valve, and is found to be almost 
useless for either fixing the valve or preventing 
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water passing through the hole in the marble. 
The valves become loosened in other ways 
besides the decay of the cementing material. 
That for hot water is in a constant state of 
motion owing to the expansion and contraction 
which takes place in the material as the tem- 
perature of the water varies. And, again, 
whatever kind of cock or valve is used there is 
always a strain upon it when being opened or 
shut, thus helping not only to destroy the 
soundness of the connection to the top, but to 
so loosen the screwed unions to the service 
pipes that they also will leak. 

Various methods have been adopted with a 
view to overcoming the above weakness. 
Amongst the rest is one having a hollow space, 
enclosed with marble or slate, behind the top in 
which is fixed the pipes. To these are soldered 
the unions for the cocks or valves, the shanks 
of which pass through the riser or front of the 
enclosure, as shown by Fig. 571. Although 
the strength of the fixing is not increased, holes 
in the top, through which water can pass, are 
avoided. In a cheaper class of work the space 
is omitted, but in that case the pipes have to 
be embedded in the wall and the skirtings taken 
down whenever it is found necessary to do any- 
thing to them. The movement of the pipes 
will sometimes loosen the skirting, it rarely 
having any fixing beyond the plaster bed on 
the walls. When the skirtings have been 
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removed they are scarcely ever refixed as at 
first, and are frequently found to have a 
dilapidated appearance, especially when they 
have been broken in the taking down, or by 
any movement of the cocks in being used or by 
expansion. To this may be added the state- 
ment that when the brass shanks of the cocks 
fit the holes too tightly, they will, in expanding, 
cause a fracture of the marble. This remark 
applies in a great many instances in plum- 
ber's work, and was referred to when writing 
about the waste connections to fireclay baths. 

Another experience of the writer's of marble 
work to basins, and the basins themselves when 
the tops are made in one piece of the same 
material, being broken has been traced to the 



hot water service pipe being made of iron and 
connected directly onto the supply valve. 

The pull and thrust movement of the iron 
caused by expansion and contraction being the 
cause of the trouble. In practice it is found to 
be a good plan for adoption to use a brass or 
gun-metal union for joining onto the iron pipe, 
and connect onto the union of the supply valve 
by means of a short piece of lead pipe, bent to 
the shape of a swan neck, as shown at D, Fig. 

571. By this there is not any direct thrust, as 
when the pipe is straight, and lead being softer 
than iron, will allow for the forces named to be 
spent at the bends. For best class work, a 
stop-cock, screwed at one end to fit the iron 
pipe, and having a union on the other end for 
soldering to the lead pipe, is used instead of the 
brass union for iron and lead. On this, it may 
be stated, that it is considered good practice to 
fix a stop- cock in each service pipe to a wash 
basin. The reasons for this are many, the 
principal being (a) the supply valves to basins 
are small and so frail that they frequently need 
repairs. Such can be done without shutting off 
the water to other fittings ; {b) the pressure of 
water on the supply valve is so great that on 
opening it the incoming water will splash over 
the edge of the basin on to the person, a stop- 
cock can be adjusted to prevent this ; (c) if the 
plug is in the waste, or the waste valve closed 
and the supply-cock is leaking, the basin will 
fill to overflowing, unless the overflow is a good 
one, which is very rarely found to be the case, 
a servant or an attendant can shut off the 
supply pending the arrival of the plumber ; and 
(d) when a basin is undergoing repairs it is not 
necessary to throw any others that may be in 
connection with it out of use during the time 
the work is being done. 

Nearly every manufacturer of plumber:*' 
brasswork has his own special designs for 
lavatory cocks and valves. Fig. 570, 571, and 

572, show three different shapes. There are 
hundreds of others, but it would be a wearying 
task to attempt to describe even a tithe of them. 
We will deal only with a few which will.be 
sufficient to illustrate some of the leading points 
which require consideration. The principles 
may first be dealt with under two headings, 
44 self closing," and capable of being closed at 
pleasure, which can be again sub-divided into 
"quick-closing" and "slow-closing/* and ordi- 
nary and " non-concussive." Self-closing valves 
are those which allow water to run so long as 
they are held open. These close with the 
water. The action is shown in section by the 
cock in Fig. 439, in an earlier lecture. That 
shown by Fig. 570 is of the commonest form 
and is known as the u Cam-action. 

These latter valves close very suddenly by 
means of a spring, aided by the water pressure 
behind the inside valve, and make a loud 
chattering noise by setting up water hammer in 
the pipes when they are of considerable length. 
The valve shown in section, Fig. 439, does not 



Digitized by 



Google 



74 



LECTURES TO PLUMBERS. 



make these disagreeable noises. On looking 
closely into the drawing it will be seen that the 
valve, in closing, slides past the inlet opening in 
the body of the cock and, comparatively speak- 
ing, more slowly arrests the velocity of the 
water. The advantages of self-closing valves 
are that they cannot be left open to overflow the 




Fig. 572. 

basins or to run water to waste. The disadvan- 
tages are that the user must hold the lever down 
so long as water is required to flow, and by 
people who are in a hurry or at all impatient 
they are not much liked. 

The cooks that close at pleasure are ordinary 
" bib " or " urn " cocks of various forms, one of 
which is shown by Fig. 572, or valves as shown 
in section by Fig. 570. This latter valve has 
spoke knobs, or what is sometimes called a 
'capstan head." No matter how soapy the 
user's hands may be he can get a good grip for 




Fig. 573. 
screwing down or closing the valve. This valve 
will resist a great water pressure and can have 
the washer renewed by taking off the top cap 
for access. The shoulder at E is for fitting into 
upper part of the hole in the basin top and is 
made square to resist being turned round by the 



force brought to bear when opening and shutting 
the valve. There is very little, if any, water- 
hammer with this valve. In spite of its good 
qualities, there are people who object to it on 
the ground that the knob has to be turned two 
or three times to either open or shut it Because 
of this, an improved valve known as "quick 
closing," or " half turn, 1 ' was introduced a few 
years ago. 

Fig. 574 is an illustration of one kind and 
which is a good, strong, serviceable fitting, 
On turning the lever half-way round the valve 
is opened full bore. But when the water pres- 
sure is very high the valve will not always resist 
it, but will slightly open. When several are 
fixed on one service pipe and there are no air 
vessels to ease the concussion, or water 
hammer, they will open still more readily. It 
is reported that some makers have overcome 
this failing and make them to withstand a very 
high pressure. 

It is not necessary for our purpose to dwell 
longer upon the principles underlying the con- 
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struction of lavatory valves which draw water 
over the basins, but there are several minor 
points about them which are worth considera- 
tion. We may deal firstly with their positions. 
When fixed at the sides of basins they come in 
the way of the user's elbows, and when at the 
back they should not be too high or project too 
far, or the user, when stooping, may risk knock- 
ing his head against them. When fixed on the 
top slab there are always dirty marks round the 
bases of the valves. These marks are aggra- 
vated by the verdigris which forms on the 
metal of which the valves are made. Because 
of the obstruction they present the basin 
tops cannot be easily cleaned down. To 
prevent the formation of verdigris the valves 
are sometimes electro— or nickel-plated, which 
consists of coating them with ordinary or nickel 
silver. When new such valves present a smart 
appearance, but after being used for some little 
time the plating turns black. Instead of using 
the proper material, which should be the same 
as used for cleaning silver goods, the servants 
or attendants scour the valves with brickdust, 
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emery paper, and such unsuitable matter to the 
partial destruction of the coating, thus destroy- 
ing the appearance of the whole fitting. And, 
again, if grit of any kind is used for cleaning 
the valves they wear out much sooner, and the 
spindles become loose and ricketty. That plain 
metal valves can be kept clean and made to 
look smart is proved by the appearance of those 
under the charge of careful servants and 
lavatory attendants, or even by those frequently 
seen in the bars of hotels and taverns. These 
look much nicer than those which have been 
plated, especially after they have been cleaned 
a few times. It may be added that valves and 
other fittings to a wash basin, which are plated, 
can be made to look as nearly as well as when 




Fig. 575. 
new if they are frequently washed with soap and 
water and rubbed with a clean, dry duster or 
wash-leather, no cleaning composition what- 
ever being used. 

Another detail in connection with the valves 
to draw water over the top of a basin is the 
nozzle. When cut off square, as shown by 
those in Figs. 571, 573, and 574, the water will 
hang up for a considerable length of time, a 
drip now and then leading to the assumption 
that the valve is leaking. Cases come to 
memory where such has occurred, and the 
plumber has been sent for to make repairs, 
which, after being done, had no result, the 
valves apparently leaking as badly as before. 
With the end of the nozzle cut as shown by that 
in Fig. 570, no such complaints arise. The 
shape of the latter nozzle is much better than 
any of the others that have been illustrated, in 
that the incoming water is directed into the 
centre of the basin and does not splash over 
the front so much as with those which play on 
the back side. The first portion of 
the water, coming in when the basin is 
empty, rushes round the bottom and over the 
front As explained, the reason for this is due 
to the shape of the outlet end of the nozzle, but 
a great many plumbers will try to overcome the 
evil by "peaing" the valve. Their object is 
to break the velocity of the incoming water by 
reducing some portion of the waterway in the 
valve or its connections. There are 



several ways for doing this. One is to 
fix a stop-valve which can be partially 
closed, so as to break the velocity. Another is 
to fix a permanent obstruction which will always 
remain the same and not be subject to any 
variation, as is the case when a stop-cock is 
used. Fig. 575, is a section showing a portion 
of a lavatory valve with a " pea'd " washer. To 
make the illustration clear it may be explained 
that instead of using a "grummet" or ordinary 
washer, in the union onto the shank of the 
valve, a leaden one with a tiny hole, as shown 
at F, is substituted. The size of the hole is 
found by trial, a very small one, not much 
larger than if made by a pin, is tried first, and 
this is enlarged until it is found to be the right 
size to overcome the evil and yet not be too 
small to prevent sufficient water passing in a 
reasonable time. 

There are several kinds of valves made for 
filling wash basins otherwise than over the top. 
Some of these are arranged similarly to the 
cocks supplying the bath illustrated by Fig. 544. 
There are serious objections to this method 
which have been dealt with in the text accom- 
panying the latter figure, and also in my book, 
"Plumbing Practice," so we need not repeat 
them. Another method is to attach the supply 
valves by means of a pipe, as shown by Fig. 
576, to an arm formed on the earthenware basin. 
Although this has been much practised, it can- 
not be considered entirely satisfactory. The 
principal trouble arises from the difficulty of 
making a sound joint between the pipe and 
basin arms. No matter how made, this joint is 
frequently found to be leaking, and in numbers 
of cases the earthenware arm detached from the 
the basin. As the cost of replacing a basin of 
this kind is sometimes considerable, the 
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common practice is to botch the defect with 
paint and red lead cement, and this has to be 
re-done from time to time as the movement of 
the pipes, caused by changes of temperature, 
destroys the soundness of the connection. 
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Another method, which, although superior to 
the latter, is not really good, is to have a special 
made nozzle, connected to the supply valves by 
means of a breeches piece, to discharge over 
ttie top edge of the basin, a piece being notched 
out of the under side of the marble or slate top 
to fit over the nozzle. In some instances, the 
latter has been connected to the top similarly to 
that shown by Fig. 572, a " crane-neck " being 
substituted for the cock shown in the illustration. 
Sometimes the crane-neck standard is connected 
to the hot and cold water valves, when the latter 
are fixed or embedded in the wall at the back of 
the basin, but this is not to be commended in 
any way, for the reason that the plastered walls 
have to be cut away for renewing the cocks or 
become broken by the movement of that supply- 
ing hot water. Defective or leaking cocks will 
also render the walls, under'the above conditions, 
into a damp condition with the usual ill appear- 
ances. 

Taken altogether we may accept the standard 
cocks and their fitting up as shown by Figs. 
570 to 574 to be the best until further improve- 
ments have be made in their arrangement and 
construction, which no doubt will eventually be 
the case. 

The cold water supply to wash basins, especi- 
ally when they are fixed in lavatories and dress- 
ing-rooms, should not be drawn from any 
contaminated source, such as a w.c. cistern. 
This applies more especially when the supp y 
cocks are fixed over the wash basins, or in 
positions where the water can be drawn into a 
tumbler or drinking cup. In some lavatories a 
water bottle, supposed to be filled with clean 
water, and a tumbler are provided, but as the 
bottle is generally charged from the taps over 
the basins it is important that the supply should 
be drawn from a pure source. 

Lavatory basins and urinal basins are often 
found fixed in combination. That is, a wash 
basin is fixed on the top, and an urinal basin in- 
side the same enclosure, and the same waste 
pipe made to answer for the two fittings. We 
need not enter fully into the details, but simply 
dismiss the subject by saying that in practice 
such arrangements are found to be very unsani- 
tary and frequently in a filthy condition. 

Other wash basins made to fold on a hinge 
at the back into an opening, or onto the face, 
of a wall, are often found in offices and such 
places where space is limited. Although com- 
pact and unobtrusive in appearance when 
closed, they cannot be accepted as being sani- 
tary or free from objectionable smells. Neither 
can any such conveniences be considered as 
desirable neighbours in an office in which a 
considerable portion of one's time is spent, 
especially bearing in mind the experiences 
which crop up of their being used as urinals, 
as well as wash basins. 

By some considered as a luxury, and by 
others as a necessity, is a shampooing appara- 
tus. There are various kinds of such fittings, 



and we will refer to two or three of them. Fig. 
577 is an illustration of a three-way cock 
attached to a bracket, with a boss for fixing 
to the wall. Behind the boss are two unions, 
to which are attached the pipes for supplying 
hot and cold water. The perforations in the 
key of the cock are so arranged that by turning 
the lever handle hot or cold water escapes out 
of the bottom at G, whence it is conveyed by 




Fig. 577. 
means of a flexible tube or small hose pipe to a 
rose, to be held in the hand, for use in the 
desired positions. By a careful adjustment of 
the lever handle a mixture of hot and cold 
water, at the desired temperature, can be drawn. 
In the apparatus described there is no provision 
made for showing the temperature of the 
escaping water. In use it is found that by 
holding the back of the hand, or the wrist, 
under the water the heat can be ascertained if 
comfortable for application to the head or other 
part being shampooed. Care, however, should 
be taken, when it is desired to change the heat 
of the water during the operation, that the mis- 
take should not be made of turning on the hot 
water so as to scald the person's head or body. 
It is always advisable to have an attendant to 
manipulate the cock. If the user attempts to 
do this himself he may unwittingly turn th« 
handle the wrong way and thus injure himselfc 
The hose pipe is usually made of vulcanised 
indiarubber, and covered with worsted plaited 
on similar to the outer, covering of a whip 
thong. For best work the plaiting is done 
with fancy coloured silks instead of worsted. 
To prevent the ravelling of the ends of the 
plaiting, and also to make a smart looking 
finish to the connection to the unions, a metal 
cap is fitted on as shown, partly in elevation 
and partly in section, at H, Fig. 578. The 
indiarubber tubing should be of good quality 
and a fair thickness, otherwise it will kink so 
as to prevent the water escaping and eventually 
crack and leak at the kink. When plain, 
uncovered thin tubing has been used, and the 
water could not freely escape at the rose, the 
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pressure has been found sufficient to burst the 
tubing or, under a low pressure, to blow it out 
like a balloon, hence the necessity of the above 
advice. The rose is best when made of 
vulcanite or ebonite. When brass, or copper, 




Fig. 578. 
either plain or nickel plated, is used, the 
weight in falling will sometimes break the 
earthenware basin. The rose should have a 
shank, as shown at I, Fig. 579, for holding in 
the hand, and it is an advantage for this to be 
made rough, or other provision made for enabling 
the user, whose hands may be slippery by being, 
covered with soap, to have a firm grip. The 
rose should not exceed 2 J in. measured across 
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the face, and the perforations should be as tiny 
as possible so that the water may issue n very 
fine sprays. 

Another arrangement for shampooing is 
shown by Fig. 579. This is not quite so con- 
venient as the other, and the weight of the 
double tube, between the cocks and rose, and 
also the metal breeches piece makes the whole 
heavy and cumbersome. With this fitting tie 
tube lasts but a very short time owing to the 
strain upon it when being used. 

The illustration, Fig. 580, shows a very good 
apparatus which is rigidly fixed to the wash 
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basin marble work. This can be as shown in the 
figure or the breeches piece can be screwed to 
the top instead of the skirting. The latter is 
preferable in cases where the enclosure is fixed 
close to the wall and there would be some diffi- 
culty in getting at the connections if arranged 



as shown in the figure. The swan neck has 
joints fitted so that the crane can be pushed 
back out of the way, turned sideways for the 
water to play on the side of the head, or 
reversed for the water to escape upwards onto 
the face when the person is stooping over it. 
The whole arrangement is very compact and 
can be used without any assistance. Many 
similar fittings are met with in mansions, but 
the writer has never seen one with a thermo- 
meter attached. He considers there should 
be some means of knowing the heat of the 
water, and in works over which be has had con- 
trol has advised such an instrument. This has 
been referred to before and the principle 
illustrated in Fig. 548. In Fig. 580, the 
shampoo fitting is shown as being complete in 
itself and under the assumption that the basin 
is filled by means of separate valves. There 
are combination valves made for answering the 
double purpose, but their use cannot be 
recommended owing to their complication. 
Having a great many working parts, one or 
other of them need frequent repairs. When the 
hot and cold water supply cisterns are at 
different levels there is some little care required 
in the manipulation of the valves to a shampoo- 
ing apparatus. The valve which is in connec- 
tion with the highest cistern should not be 
opened so wide as the other. The higher 
pressure water will so fill the crane neck 
leading to the rose that the lower pressure 
water cannot escape. 

Some shampooing apparati are made to shut 
off the water by simply pushing back the crane. 
When such fittings are used with hot and cold 
water supply attachments the valves should be 
closed before pushing back the crane, other- 
wise the hot or cold water, whichever is drawn 
from the highest cistern, will flow from one 
to the other. 

At this point we may deal with a few 
i' lustrations of wash basins fixed in an 
improper manner. This is with a view to pre- 
venting blunders, that have been discovered in 
practice, from being repeated. The examples 
will be taken at random, as they come to 
memory. At a large house in London a wash 
basin fixed in lavatory adjoining a class-room 
on the top floor of a young ladies 1 school had no 
trap on the waste-pipe. The latter discharged 
onto a lead roof outside, as shown by Fig. 581, 
the waste water spread about on the roof, Ieav- 
i ig an ill-smelling deposit behind. The greater 
portion consisted of black slime, and at the 
time of inspection this had a zig-zag track 
washed through it by the later discharges, the 
s~>ap curds in which were almost white, but 
would doubtless have turned to the colour of 
the other portion after an elapse of a short 
space of time. Disinfectants had been thrown 
from the window on to this because of the 
offensive odours. From the roof the water 
trickled down the rain water pipe at J, the inside 
of which was thickly coated with slime with 
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which was mixed other offensive matters. The 
rain water pipe was made of iron, the joints 
being left unmade, and passed down outside 
the house to the ground-floor. The basement 
was roofed over and used as a dining-room, 
the above rain water pipe with open joints 
passing through this room with nothing to pre- 
vent the escape of smells, excepting a wooden 
casing, which was far from being air-tight. The 
pipe had a trap at the bottom, but this was 
cemented over. So that, as the bottom end of 
the pipe was not open to the air, it could not be 
accepted as being properly disconnected from 
the drains, or in a condition that could be 
called sanitary. The small lead roof shown in 
the figure is over a tier of w.c's, the soil venti- 
lating pipe, K, being only 6 ft away from and 
level with the windows of the top floor rooms. 
The recommendations given for improving 
matters were (a) continue the soil vent pipe 
across the small lead roof and thence to the 
ridge of the main roof; (b) fix a trap to the 
W.H.B. with an i±in. ventilating pipe to the 
roof and a new i J in. lead waste pipe from the 
basin trap to an intercepting trap fixed in an 
outside area, and (;) substitute a lead pipe wiih 
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wiped soldered joints for the iron one fixed 
through the dining-room, and lay a drain from 
the bottom end to an intercepting trap as 
described for the wash basin. 

Another case, taking from a house in St. 
John's Wood, is illustrated by Fig. 582, which 
shows an untrapped waste pipe from a W.H.B. 
discharging onto the lead roof of a porch over 
the front doorway. In addition to the accu- 
mulation of black offensive matter, as described 
in the last case, the lead roof was cracked 
across by the eflects of the hot water from the 
basin expanding the lead which contracted 
on cooling, the alternate motions causing the 
metal to rise in buckles and eventually to break. 
The lead near the outlet pipe at L was also 
broken all round at the joint. The alterations 
made were a new waste pipe to a gully trap in 
the basement, a trap under the basin and a 
vent pipe to the open air. 

Fig. 583 is a plan of a portion of the apart- 
ments of the secretary of a large institution, 
the upper floor of which he and his family and 
servants occupied. The sink M, fitted in the 
scullery, had a good trap and ventilation pipe 
from it to the roof, the waste pipe, N, was fixed 
notside the bouse to the basement and there 



connected directly to the drain and was not 
disconnected in any way, so that it was actually 
acting as a drain ventilator. The wash basin 
O, fixed by the side of the secretary's own bed- 
stead, had a fairly good trap, nickel plated, and 
made of cast brass, the waste from which was 
connected to that from the sink as shown in the 
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figure. As there was no provision on the trap 
for attaching a vent pipe none was fixed, with 
the result that every time any water was emptied 
down the sink the basin trap was partially 
emptied and the water seal broken by syphon- 
age. When in this condition, there is nothing 
to prevent air directly from the drains filling the 
bedroom. This, and several other defects in 
the building, has not yet been altered, the plea 
being that the remedies were so expensive that 
they could not be afforded. On the advice 
being tendered that the basin should be entirely 
removed, as being both unsanitary and unsuit- 
ably placed, the reply was, " Can't do that, only 
recently paid several pounds to have it fixed." 
There is little room for doubting that sooner or 
later serious consequences will follow this 
obstinacy in retaining a known eviL 

Some few months ago, when making a sani- 
tary survey of a country mansion in Sussex, it 
was necessary to spend a few days over it 
Having occasion to go into the billiard-room 
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lavatory, at the hotel where he was staying, to 
use a wash basin, the writer noticed the same 
odour that is almost a daily experience when 
examining unsanitary houses. Although it was 
not his business he could not resist the feeling 
of curiosity to know why this was so, especially 
as the whole fitting appeared to have only 
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recently been fixed The basins being unen- 
closed the whole of the pipes could be seen by 
simply stooping to look beneath. Fig. 584 is 
an illustration of what he saw. Each of the 
two basins had an 1 J in. lead anti-D trap and an 
ii in. lead branch into a 2 in. horizontal waste 
pipe. To each basin an 1 J in. overflow pipe was 
fixed and branched into the 2 in. main waste. 
As these latter pipes were not trapped in any 
way, bad air escaped out of each of them as 
ah own by the darts, and thus did away with the 
protection supposed to be afforded by the traps 
on the waste pipes. The joints were well made 
and the whole of the work was apparently done 
by a man who had skilled hands but was want- 
ing in brain power. This was further proved 
by the way the 2 in. horizontal pipe was con- 
tinued through the wall as shown at P and the 
square connections of the branch waste pipes. 
As arranged, some portion of the waste water 
flows to the left when the basins are emptied, 
and there is not the least doubt that eventually 
the vent pipe will become useless through an 
accumulation of soapy matter at Q. The white 
veined marble top was entirely spoilt and dis- 
figured by being bedded onto the basins with 
white lead, the oil from which had penetrated 
the marble and shown through on the upper 
surface. The remarks made in earlier lectures 
will apply to the alterations that should be made 
to improve the existing conditions ot the pipes, 
but with regard to the marble, it would be 
cheaper to have a new top than to endeavour to 
extract the oil out of the present one. 

Serious complaints of the existence of bad 
smells in a house in North Lincolnshire led to 
the writer going down to find the cause. The 
smells pervaded the whole of the rooms, on the 
ground floor, which had boarded floors. Where 
they were paved and had stone floors the rooms 




Fig. 554. 

were free from smells. A board having been 
taken up the earth beneath was found to be 
saturated with sewage and beneath the w.c. 
and washbasin there was a large pool. Fig. 
585 is an illustration of how the waste pipe, 
which was the cause of the trouble, had been 
arranged. The D trap under the w.c. had 
evidently been kept down to the drain level so 
as to avoid the trouble of making a bent lead 
connection, which would have been necessary 



if the trap had been fixed close to the w.c 
apparatus. The waste pipe from the basin was 
branched into the long dip pipe of the trap and 
had, by its pulling and thrusting, caused by 
hot water passing through, broken away as 
shown by the figure. In addition to a con- 
siderable portion of the waste water passing 




Fig. 585. 

through the aperture a large quantity of w.c. 
matter also escaped whenever that fitting was 
used. Another defective detail was the absence 
of a ventilating pipe to the W.H.B. trap. 

An example of a serious evil, which primarily 
arcse from bad design and construction, is 
shown by Fig. 586, and is taken from one of 
several lavatories similarly fitted up in a large 
block of offices in Victoria-street, Westminster. 

Each suite of offices has a w.c wash basin,, 
with a small sink and draw- oft cock beneath 
and a cistern as shown in the sketch. The D 
trap, R, is fixed beneath the flooring, and to 
this trap the waste pipes from the sink and 
wash basin are attached. In the case under 
consideration the screw cap in the D trap had 
been removed, and the whole of the waste water 
escaped into the cistern which supplied the 
fittings on the floor below. Complaints having 
been made by the tenants of the lower floor of 
the cloudy appearance of the water they were 
using, not only for sanitary purposes, but also 
for drinking, and also of the unpleasant odour 
of the water, an examination was made, which 
resulted in the above discovery. The trap was 
found to be lined with black slime, and the 
waste from it choked with similar matter. 
There is not the least doubt that on finding the 
pipe in that condition the workman went away 
for some appliances for removing the obstruc- 
tion, and was probably sent to other work and the 
whole affair forgotten. If the trap had been of 
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a more self-cleaning shape and fixed above the 
floor, or where it was accessible without 
troubling the people on the floor below, the 
above would not have happened. Another 
evil in connection with this was the adjoining 
w.c, which had no safe under it Any leakage 
or overflow from the w.c. would pass through 
the floor and fall into the cistern below. On 
this it may be added that, through faulty con- 
struction and defective work, numbers of people 




Fig. 586. 
frequently drink water which has been polluted, 
and which, not to mince matters, may be 
described as diluted sewage. And this is 
found in the houses of the wealthy as much as 
in those of a lower grade in society. We may 
have further to say on water contamination at a 
future time. 

A very unsanitary arrangement of a wash- 
basin, examples of which are frequently met 
with in town and country mansions, and also in 
offices, is shown by Fig. 587. A wash basin, 
fixed in the same compartment as the w.c, 
with the waste pipe attached to the W.C. trap. 
Cases have been met with where the connection 
was above the water line in the trap, so that the 
air from the drains escaped through the wash 
basin. Even when the waste pipe is properly (?) 
branched into the trap it cannot be accepted as 
being sanitary. In most cases the horizontal 
portion is wholly or partially filled with a 
liquid in all respects similar to that in the trap, 
and the odours from this can only escape 
through the plug hole or overflow pipe in the 
basin. Even when the pipe referred to does 
drain empty a portion of the contents of the 
trap are forced into it at each usage of the 



w.c, and at the same time a puff of bad air is 
driven out of the wash basin. In the illustra- 
tion the old "pan closet" and "D trap* are 
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Fig. 587. 

shown, as the combination with the wash basin 
is frequently found. In a seaside boarding 
house where the writer spent his summer holi- 
day in 1893, ^e conveniences were as illus- 
trated above, although the house had not been 
built more than two years. And there is every 
reason to suppose that in other places similar 
arrangements are being carried out at the 
present time. Some little time ago the writer's 
attention was drawn to the sanitary arrange- 
ments of a new building in course of construc- 
tion, and was very interested in the way the 




Fig. 588. 

ventilation of the traps under the w.c's and 
wash basins was being effected. The building 
was a very high one, and in one wing a tier of 
w.c.'s, with branches connected to a main 
stack of soil pipe, and a tier of wash basins, 



Digitized by 



Google 



WASH-HAND BASINS. 



81 



with branches connected to a main stack of 
waste pipe, were fixed as shown in the diagram, 
Fig. 588. The soil pipe S S was fixed outside 
the building and connected directly to the 
•drain. The waste pipe T T was also fixed ex- 
ternally, and the bottom end emptied into an 
intercepting trap, as shown at U. A stack of 
ventilating pipe, as shown at V V was fixed 
•about midway between the other two pipes, and 
to this was joined all the branch vent pipes, 
W W, from the traps under the w.c's and basins. 
As the main stack of vent pipe was only 2 in. 
•diameter, there is not the least doubt that the 
usage of any of the w.c's would affect the traps 
■of the others, and also those under the wash 
basins. Irrespective of this the arrangement 
was far from being in unison with modern 
English ideas on the subject in that the waste 
pipes were charged with air from the drains, 
■and this air could escape out of the end of the 
pipe at U. By reason of the by-pass formed 
by the connection of the trap vent pipes the 
intercepting trap was rendered perfectly use- 
less. The proper remedy in this case would 
be to fix separate stacks of vent pipes from each 
tier of fittings. 

In the lectures on setting out plumbers' work 
were given illustrations, see Figs. 102 and 103, 
showing the trapping arrangements with the 
waste and ventilating pipes. Another example 
is shown by Fig. 564. In each case a trap is 
shown to every basin. By some this is con- 
sidered to be an extravagance, but by the writer 
it is looked upon as a necessity. And this 
•quite as much as having one under each 
w.c The centre basin in Fig. 103 has a trap, 
O, which has a deeper water seal than the 
others. Although not usually carried out in 
practice, and neither is it desirable to do so, 
yet there are cases where a deep one is an 
advantage. In houses occupied during only 
certain seasons, and when only a few servants 
are living in them, the fittings are often unused 
for several weeks, or probably months, at a 
time. In the intervals all the water may have 
evaporated out of the traps, and this is especially 
so when they are exposed and the surrounding 
air is warm, or a brisk air current passes them. 
Under these conditions those with deeper 
seals will take longer to empty by evaporation, 
and consequently the air from the fouled waste 
pipe, and which has probably passed over the 
stagnant contents of a bad form of gully trap, is 
less liable to enter the house. 

Referring to Fig. 564, a branch vent pipe C is 
shown with the end passing through the wall to 
the open air. It has been urged that with a 
single basin this is quite unnecessary, but in 
practice it has been fbund to be of importance, 
for the reason that without it the seal of the trap 
•cannot be maintained intact. With hollow 
bowls there is little or no after-dribble, after 
being emptied, to replace the water syphoned 
out of the trap. With some baths and flat 
bottomed sinks sufficient water will slowly drain 



into them to recharge them after the above 
action has been exhausted, but not so with 
wash basins. Hence the necessity for ventilat- 
ing the trap of even a single basin. With a com- 
bination of W.H.B.'s the necessity is increased. 
For the reasons the chapters on soil pipes and 
W.c trap ventilation should be re-read. The 
sizes of these pipes should be governed by the 
same rules as were laid down in the above 
chapters. Traps without water are useless, and 
without such pipes they would frequently be 
found empty. 

In Fig. 564 the vent pipe C is continued 
through the wall, and this is the proper method 
to adopt It will be noticed that the outer end 
is about level with the top of the basin. If 
fixed lower, at times there would be a small 
spray of water ejected when the basin was 
emptied. The branch joint to the trap is 
shown as it should be arranged. Sometimes 
this is made on the top, in which cases 
soapy water washes up, and by a continuous 
deposit of thin films eventually entirely 
chokes the end of the vent pipe. Another 
reason is a current of air through the waste and 
vent pipes does not pass immediately over the 
water in the trap, and hence little or no 
evaporation can take place by its action. 

In Fig. 103 the waste pipe is shown inside 
the building and the trap vents carried through 
the wall. There is no great harm in this, 
excepting when the latter pipes discharge into 
a light and air shaft in the middle of a building, 
or group of buildings, when the vents should be 
continued to the roof. Other examples of 
ventilation are illustrated by Figs. 102 and 105, 
and a great many of the points dealt with in 
the chapter on baths will apply also to the 
fittings under discussion. 

In the elevation Fig. 102, the overflow pipes 
from the basins are shown as branched into the 
traps below the water line, and in the accom- 
panying text it was stated that "there are 
objections to this." On this it must be plainly 
admitted that no matter how an overflow may 
be arranged there are objectionable points. As 
shown in the figure referred to, the bottom ends 
of the pipes are always filled with water 
charged with soapy matter, and this never gets 
thoroughly washed away. The air inside the 
upper portion of the pipe is stagnant, and little 
puffs are driven out of the arm into the basin 
when the latter is emptied. The overflow pipe 
should be branched into the trap an inch or 
two above the water in it, and the connection 
with the basin should have an opening at the 
top where a mop or small brush can be pushed 
down to clean the inside from any accumula- 
tion of filth. Reference has been made before 
to this detail, and also to combined waste and 
overflow arrangements, the latter being inside 
the basin and easy of removal for cleaning or 
disinfecting. 

In Fig. 564 the waste pipe is shown as 
emptying through a connecting arm into a drain 
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interceptor. And this the writer considers 
the proper arrangement, although numbers of 
authorities disagree with this and specify such 
pipes to empty over the gratings of the drain 
traps. The reasons for the writer's contention 
are many, based on several years' experiences, 
and have been given before, see the text 
accompanying Figs. 244 to 257 inclusive, and 
also to Figs. 213 and 214. When writing on 
baths reference was made to waste pipes 
emptying into channels leading into gully or 
intercepting traps. Some engineers arrange 
those from wash basins to discharge in a 
similar way, but the writer considers this not 
nearly so good as shown by Fig. 564, not only 
tor scouring the trap and drain as clean as pos- 
sible under the circumstances, but for the 
reasons above referred to, and which it is not 
necessary to repeat. 

A great many plumbers and engineers dis- 
charge the waste pipes from basins fixed on 
upper floors of houses into large open hopper 



heads outside, and frequently make connections 
to the rain water pipes. When describing 
baths and their waste pipes the writer pro- 
tested against the above practice, and the sharp 
frosts of the last winter have provided the 
strongest of evidence that he is right in his 
principles. He also feels convinced that all 
readers of this would endorse his views if they 
had seen the hundreds of cases which he has 
where dirty water from basins, sinks, &c, was 
running down the outsides of houses. Freezing 
as it fell the water, converted into ice, literally 
covered several superficial square yards of 
walling. In several houses in Kensington, let 
out in flats, the icicles extended from the 
ground to the top floors of five and six storied 
buildings, and formed grand object lessons for 
the student plumber or sanitary engineer. So- 
much has been written on the above points in 
prior lectures on baths, &c, which apply alsa 
to wash basins, that we need not dwell longer 
upon them. 



SINKS. 



IN dealing with this detail we had better com- 
mence with those made by plumbers, which 
consist of wooden cases lined with lead. The 
usual practice is first to cut and dish the waste 
hole and also sinkings at the angles on the top 
edges, so that the soldering may be flush at 
those parts, and then to cut out the lead to fit 
the case and solder the angles. When lined 
with one piece the lead is first dressed out, 
using a flapper, which was illustrated by Figs. 
313 and 402, to take out all bruises and 
irregularities. The dimensions of the case are 
then measured with a rule, but it is much 
better to use a lath and mark the sizes on that. 
Assuming the case to be as shown by Fig. 589, 
and th» dimensions inside as figured. First 
make a chalk line mark on the piece of lead 




Fig. 589. 

1 in. from the edge, as shown by the dotted 
line A A, Fig. 590, for turning over on the top 
of the sink. Then make another line 1 J in. 
from the margin, as B B, which should be 



square from A A, assuming that the sink has. 
right angles. From these two lines measure 
the depth of the sink, which is 14 in., and mark 
the lines C C and D D respectively. With the 
lath take the length inside the casing, from this 
deduct a quarter of an inch to allow for the thick- 
ness of the lead, which would otherwise fit too- 
tight, and mark the line E E. Take the width 
in the same manner and strike the line F F on. 
the lead. From these last two lines make 
others G G and H H distant equal to the depth 
of the sink, namely 14 in. Cut off any lead 
1 J in. beyond these latter lines as being: 
superfluous. 

We now proceed to deal with the corners.. 
To solder up the angles the sink should be laid 
on its side, and to prevent the solder running 
through when the angles are being wiped 
pieces of lead should fold outside. These pieces,, 
being about i in. to J in. wide, should be marked 
on the lead, as shown by chain lines, J ). Where - 
the lines which are i£ in. from the edge cut the 
latter small gusset pieces should be left on 
to mitre on the top edge of the sink, otherwise 
a gap of uncovered wood would be visible. 
The lead now to be cut on the proper lines, 
when it will appear as shown by Fig. 591. 
Some plumbers will at this stage fold up the - 
sides and drop the lead into the case and then . 
soil and shave the angles, ready for soldering. 
But the easiest and best way is to soil and 
shave the lead when it is laid out flat, as shown 
in the figure, on which the dark shaded parts. 



Digitized by 



Google 



SINKS. 



83 



represent the soiling and the white parts the 
shaving, which is about 1 in. to ij in. wide, 
according to the strength intended. Atter thus 
far preparing it, the point of a sharp shave- 
hook is run over the dotted lines, the sides are 
folded up and the bottom creased all round 
inside and made straight outside with a clean, 
smooth-edged box dresser. The small pieces 
having been scored, as above stated, to be 
gently folded round to form overcloaks on the 




Fig. 590. 

upright angles. The lead to be now laid on its 
side and the bottom and sides and ends made 
hollow on the outside by hitting them with the 
palm of the hand, this not disfiguring the lead, 
as would be the case if tools were used. The 
lead to be now lifted into the wooden case, 
when it will slip down into its proper position. 
Should it, however, fit too tightly and not slip 
down, by alternately lifting each end of the 
case and allowing it to drop onto the floor, or 
bench, the lead will shake down to the bottom. 
The sides being gently pressed back to their 
position, a piece of clean board laid on the so- 
called bellying, the lead bottom can be pressed 
down, thus forcing the latter into its position 
and the angles tightly home. A clean flapper 
used on the sides, ends, and bottom to dress 
down any hollows or bumps, and a clean, 
smooth dresser, or a large chase wedge with a 
thin edge, to be used to ensure the lead fitting 
tightly in the upright angles. Some plumbers 
would now drive clout nails into the latter, but 
it is much better to do without them and simply 
use a punch or a very blunt steel chisel to 
indent the lead in the angles to be soldered 
to form a kind ot key to prevent the lap open- 
ing so that the solder could get behind. A nail 
can be partly driven in each angle about 2 in. 
from the top, to be afterwards taken out, to 
prevent the lead rising when the top edge is 
being worked over. The latter should now be 
done and the inside worked up to a straight but 
not too sharp arris, and the gusset pieces at the 
angles worked into the dishings that were cut 
before the lining commenced. Examination 



now to be made if any of the shaved parts have 
become tarnished, and all dull places, if any, 
reshaved, at the same time any scratches on 
the soiled parts to be resoiled. After seeing 
that the latter is perfectly dry, a piece of touch 
to be lightly rubbed over the shaved parts and 
tor an inch or two on the soiling. The latter is 
to prevent the solder sticking. The sink now 
to be laid on its side on wood blocks about 3 in. 
thick on a bench, as shown by Fig. 592. The 
blocks are necessary for keeping the sink 
clear of the bench so that the plumber has no 
difficulty in wiping the top edge at the angles. 
A wiping cloth, made of so-called moleskin or 
fustian, having about ten thicknesses and 
measuring about 3 in. each way, is a good 
size, and fairly well '* touched " on the wiping 
side, should be laid near the plumber's fire to 
be warmed ready for using. The solder being 

Eroperly heated, which can be ascertained by 
olding the back of the hand over a ladleful, 
and skimmed from dross, and a plumber's iron 
heated to redness and filed free from scales; all 
being ready, the plumber then takes a ladleful, 
the ladle holding about 4 lbs., and proceeds to 
splash, by means of a stick shaped like a 
miniature paddle, or pour by means of a stick, 
as shown by Fig. 406, the solder onto the angle. 
In a sink the depth of the one in our problem, 
about two ladlesful, or about 6 lbs. or 7 lbs. in 
all, would be necessary to get up a heat as it is 
called. If the angle shown in the figure is 
being wiped the plumber would now take the 
heated iron in his left hand and the cloth in his 
right. The ball of the iron being moved back- 
wards and forwards in the solder which is con- 
stantly being pushed back into the angle, from 
which some portion will flow in a liquid con- 
dition, until the whole is in a pasty condition. 
The plumber will then begin from the bottom 




Fig 591. 

end and will probably have to make two or 
three short wipes before he can get away, 
owing to a small quantity being left in the 
angles at K. When free from the start the 
plumber will then complete the angle by giving 
one long wipe to the front edge, and then with 
a short downward stroke finish the part at L. 
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To make a clean, smart looking job the above 
instructions must be strictly followed. If the 
angle is soldered by wiping 3 in. or 4 in. at a 
time it always looks dirty and uneven at the 
edges. The latter is aggravated when the 
plumber is too long over his work, and the lead 
gets so expanded by being heated as to bulge 
out on both sides of the soldering, so that he 
has not straight surfaces to guide the cloth. 
And again, if the plumber loses his heat, as it 




Fig. 592. 

is called, the solder will set at the edges, injure 
his cloth by tearing it, and so spoil the soiling 
that it will have to be redone. If he has not 
been careful in using the iron he will probably 
have so scratched the soiling that the solder 
will " tin " to the exposed lead and, on setting, 
become troublesome to remove or detach. 
When the wiping is done quickly, as above 
advised, these evils are avoided. In this, as in 
joint wiping, half an hour's practice is worth 
more than several devoted to thought or study 
of the matter. 

When he has finished one angle the plumber 
will then proceed to solder the other, the sink 
still being in the same position, but will hold 
the iron in his right hand and wipe with the 
left When the solder has sufficiently set, so as 
to bear movement without cracking, the sink to 
be laid on its other side and the other two 
angles wiped as before. On completion, the 
lead to be gently 6apped quite smooth, the top 
edge to be straightened if it has been injured 
by being moved about, and the outer edge 
planed quite straight and true and close to the 
woodwork of the case. The plane used by 
the plumber is the size of an ordinary Jack- 
plane, as used by carpenters, but has a steel 
face. Some men will prefer the " iron " more 
upright and not so raking as in ordinary Jack- 
planes, but I prefer the latter. The lead to be 
nailed on the top edge by means of copper nails 
about 2 in. or 3 in. apart Although the nails 
should be of a good size it does not follow that 
they should be so large as to split the wood- 
work into which they are driven. 

The top edge of a lead-lined sink does not 
always have the thought bestowed upon it that 
it should have. For instance, how rare it is to 
find the lead in good condition. By constantly 
lifting pails, cans, tubs, &c, in and out of the 
sink the lead gets knocked out of shape and 
dragged inwards, as shown by fragmentary 
section M, Fig. 593. To prevent this the lead 



is sometimes dressed down for an inch or two 
outside, as shown in section by N. Some 
plumbers will have the woodwork dished, the 
lead dressed into the hollow, shaved and nailed 
and then filled up flush with solder, as shown at 
O. It is a much better plan and makes a neater 
finish to have a capping as shown at P. This 
being made of oak for butlers' pantrys or china 
rooms, but of copper or galvanised wrought iron 
for scullery and still room sinks. In cases 
where the sinks are enclosed and have cup- 
boaids beneath them, which is not at all a sani- 
tary arrangement, owing to the improper uses 
to which the latter are put, it then becomes 
necessary for the capping to cover the top edge 
of the front of the sink, and also the enclosuie, 
as shown at Q. This prevents water passing 
between the two. For the sake of neatness 
the screw heads can be countersunk very deep 
and the holes filled with wood plugs to match 
the capping as shown in the figure, 




Fig. 593. 
Sometimes sinks are lined by cutting out the 
lead to fit the bottom and two sides and putting 
the ends in separately, as described when 
writing on cistern lining, and illustrated by 
Figs. 408 and 409. Or line the sides and ends, 
and then put in the bottom as illustrated by 
Figs. 403 and 404. When the latter is done 
heavier lead is used for the bottom as that part 
has to resist the wear and tear of pails, tubs and 
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such utensils. As the front part of the sink is 
subjected to hard or rough usage some 
plumbers will line the bottom and front with 
heavy lead, and the back and two ends with 
lighter. For example, they will use 8 lbs. or 
io)bs. lead for the former, and 6 lbs. or 7 lbs. 
for the latter. On this it may be stated that 
the amount of lead used in a sink is so small 
that the economy is not worth considering, 
and lead of equal thickness should be used 
throughout. 

Although the usual ways for lining sinks have 
been described, it does not follow that they are 
the best. In almost every sink a quantity of 
hot water is used and the result is, that if not 
free to expand and contract, the lead will 
buckle and break. Because of this scullery 
and pantry sinks always present a wretched 
appearance. Fig. 594 is a section of such a 
case, showing the buckles at A A, and the 
angle soldering dragged out of its position at 
B B. When complaints are made of the 
leakage which follows, the plumber will dress 
down the buckles and solder patches over 
them. These repairs last only for a short time, 




Fig. 594. 

as the lead will soon break again by the sides 
of the parts repaired. When the cracks are 
opened, the woodwork beneath dished, the lead 
dressed into the dishing and then soldered and 
wiped flush with the bottom, the work looks 
much neater, and the water can flow to the 
outlet much better, but the lead will be found 
to break again close to the soldering. The 
whole principle is bad, and neither the quality 
of the materials used, nor the skill of the 
plumber, can attain a satisfactory result that 
shall be permanent 

By far the best method for lining sinks with 
lead is to boss up the corners and have hol- 
lowed fillets and sloping sides, similar to a 
washing tray, as shown in section by Fig, 595. 
The lead is not tied and is free to move by 
expansion, or its opposite. This has been tried 
in practice and found to be satisfactory. It is 
also an advantage to leave the top edge of the 
lead free, so that the above forces can have 
free play. This can be doi*e as shown at C, 
where the top edge is let into a groove in the 
capping instead of being turned over on the 
rim of the sink. Another point is to have 
the waste outlet in the centre of the bottom 
instead of closed to a corner as usually 
practised. Where the sink has a plugged 
outlet, this latter is inconvenient, owing to the 



difficulty of getting out the plug when the 
sink is filled with crockery. The hollowed 
angles are a further advantage, in that they are 
easily accessible with a scrubbing brush and 
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Fig. 595. 

cannot retain a quantity of grease and other 
offensive matter. 

A frequent cause for complaint of smells 
near sinks is found to be the amount of filth 
that accumulates behind and beneath them. 
This is found to arise from what is splashed 
over the top, and the best plan to prevent this 
is to have the sides against tl.e walls much 
higher than the others, as shown by Fig. 596, 
which represents a double scullery sink fixed 
on cantilevers cut and pinned into the back 
wall. When lining these sinks with lead the 
material should be cut out as if for two sinks, 
but the dimensions must be varied to suit 
the depth of the sides. When lined separately, 
a soldered seam is necessary up the back side, 
over the division, as shown by dotted lines, 
and it is usual to continue the soldering on 




Fig. 596. 



the top edge of the division. The seams 
should be wiped flush, and the woodwork 
beneath dished to a hollow tor dressing the 
edges of the lead into, otherwise a neat job 
would not be made. To allow for expansion, 
the edges of the lead are sometimes welted 
instead of being soldered, but when done the 
job appears to be a bungled affair. In some 
cases the edges of the lead are butted together 
and a wood or metal capping screwed over the 
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joining. This capping is also fixed on all the 
edges of the sinks, as described when writing 
on that detail, and illustrated by Fig. 593, not 
only for protecting them, but to give a neat 
looking finish. As a draining board, to which 
we shall refer further on, is usually fixed at one 
end of the sink, the capping at that part is 
omitted. In Fig. 596 this would be at R. 

For high class work tinned copper lined 
wood sinks are fast superseding those lined 
with lead. The first cost of the former is a 
little in excess over the latter, but the outlay 
repays itself in a very short time. Such work 
is usually done by coppersmiths or metal plate 
workers, although plumbers sometimes under- 
take it. The latter tradesmen frequently do 
the *ork as if lead were used, and wipe all 
angles. In those parts of the country where 
the trades of plumbers and coppersmiths are 
combined various methods aie practised. 
Sometimes the angles are wiped, and at others 
they are welted and then sweated with fine 
solder and copper-bit or blow-pipe. In a lew 
cases the writer has seen them brazed with 
spelter, but only when the copper was to be left 
plain and not with tinned surfaces. When 
plumbers do the work the metal is cut out to 
suit the methods for joining, and if to be wiped 
in the angles the rules laid down for lining 
sinks with lead will apply. 

Other kinds of Sinks. 
As great complaints are made of the de- 
struction of crockeryware when being washed, 
teak and other wood sinks have been much 
used. 1 hese are usually made similar to wash- 
ing trays, the sides, ends, and bottoms being 
bolted together very similar to the methods 
adopted for making slate sinks and cisterns. 
Although wood is a good material to use, on 
account of its being softer than metals or fire- 
clay, irom a sanitary view it is not suitable for 
wash-up sinks on account of its porosity. After 
much usage the pores get filled with ill-smelling 
matter, and when old and partially decayed, 
there is the additional odour of rotten wood. 
When out of use for a few weeks, which is 
frequently the case in houses occupied by the 
aristocracy, wood sinks will become dry and 
shrink to a serious extent, although where the 
servants are careful, and keep a quantity 
of water in them this shrinkage does not 







Fig. 597. 

take place to such a degree. The water, how- 
ever, should be frequently changed or it will 
become offensive. 



The sinks that have been described, are what 
is geneially known as " wash-up" sinks. That 
is, they are made moderately deep and have 
plugs over the waste pipes for retaining water 
in them. Where tubs are used for the above 
purpose it is usual to have Yorkshire stone 




Fig. 598. 

sinks. These are not at all good in that they 
always smell very offensive owing to the amount 
of filth retained in the pores. The odours that 
hover around them, especially when saturated 
with cabbage water, or that in which fish has 
been boiled, is quite nauseous. They also be- 
come much worn in the bottom with the iron 
hoops on the tubs used or from iron saucepans, 
buckets and such like utensils. Fig. 597, is a 
section of such a sink showing the irregularities 
in the bottom and also the grating over the 
waste pipe, which is not worn away to the same 
extent as the stone, so that the pools of water 
have to be swept into the grating. There are 
other objectionable details which we need not 
refer to, as such fittings are fast being super- 
seded by others of an improved kind. Some of 
these are made of vitrified salt-glazed stone- 
ware, brown in colour, and are excellent for 
withstanding hard wear and tear and are not 
at all expeusive. Others have a smooth glaze 
of light cream colour and are also very good 
but a trifle higher in cost than the last 

During these last few years what is called 
"white enamelled fireclay sinks" have been 
used, and are much liked. Many forms suitable 
for almost any purpose are usually kept in stock 
by manufacturers. Fig. 598 is for kitchen use. 




Fig. 599. 

Smaller sizes are made for fixing in butlers' 
pantrys, china rooms, housemaids' closets and 
similar places, where much washing up is done 
and where tubs are used for holding the water 
and articles being cleansed, which would be 
injured or broken if they came in contact with 
the sink itselt Fig. 599 is similar to Fig. 598, 
but has the addition of a high back and end on 
the sides to be fixed near the walls. When 
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sinks as Fig. 598 are fixed, the walls are usually 
found to be saturated with splashings. 
Numbers of such sinks have tiles fixed round 
them to prevent this, but the tiles soon 
tumble down owing to the material used for 
fixing losing its adhesive properties. Lead 
flashings are not at all good as water can 
get under the bottom edge. No matter what 
is done to protect the walls nothing is so 
•effectual as having high backed sinks as above 
•described. 

Scullery Sinks. 
We may now proceed to deal with the im- 
portant details of fixing sinks and commence 
with those in the scullery. Why I call these 
important details, especially in connection with 
the scullery, is because in hundreds of cases of 
-sanitary inspections made, when with one of 
•our leading firms of sanitary engineers, many 
complaints of sore throat were made to the 
writer by the kitchen servants. And it really is 
the case that that part of the house especially 
retained for the preparation of food is usually 
found to be the most offensive smelling and in 
the most unsanitary condition. Judging from 
experiences gained in actual practice, more 
illness is found amongst those servants whose 
duty it is to prepare food for the table than 
amongst any other class in the same house. 
There may be other details which may have an 
effect on health, but those which are the most 
important are connected with the problem of 
getting rid of the waste matters. Before enter- 
ing into particulars it may be stated that if the 
kitchen and scullery are not fitted up with the 
necessary conveniences, and in a proper manner, 
the servants and their clothes become saturated 
with evil-smelling matter which is anything but 
conducive to health. A blindfolded person, if 
Jed through the bedrooms of a house, by the 
odour alone could, in many cases, detect 
that in which the scullery servant slept She 
may be a perfectly clean person in herself, but 
having to perform her duties under disadvan- 
tageous conditions, she becomes in the per- 
formance of those duties an ill-smelling nuisance 
to herself and everybody with whom she comes 
into contact. 

From this we arrive at the conclusion that 
what may be termed the scullery plant should 
be ample for all purposes. In many houses the 
only convenience provided is a sink, as shown 
by Fig 597, and a few iron-bound wooden tubs 
standing in the sink or on ricketty stools or 
backless chairs. And these tubs are used for 
all purposes from washing dirty crockery and 
iron pots and saucepans to cleaning vegetables 
and salads. Their shape is such that, when 
being used, the dirty, black, greasy water is 
splashed over everything that is near, including 
the user's dress. In well- fitted sculleries wash- 
up and rinsing sinks, as shown by Fig. 596, and 
lined with tinned copper, should always be 
fixed, with a plate and dish rack behind so that 
the drippings from the crockery can fall into 



the sink. When the rack is some distance 
away the floor between it and the sink is very 
much wetted. In some cases it is necessary to 
have a gutter and waste pipe under the rack, 
but this should not be fixed unless it is an 
actual necessity. A large size sink, as shown 
by Fig. 599, is required for standing saucepans 
in and for scouring copper cooking utensils. 
In large mansions two of these sinks are neces- 
sary, and also a large slate table on which to 
stand such utensils until it is convenient to 
clean them. For washing vegetables three 
sinks are necessary, one being for roots, a 
second for greens, and a third for salads. The 
latter on no account should be used for any 
other purpose. In some instances two sinks 
for roots are an advantage, but if the latter 
are well washed and all earthy matter removed 
before being brought into the house one sink 
answers the purpose fairly well. All the latter 
sinks should be what is called " enamelled fire 
clay." They are very strong, and being white 
inside have a clean appearance. The inside 
depths of the various sinks should be as 
follows : — Wash-up, 14 in.; vegetable, 13 in.; 
and scouring, 5 in. to 6 in. 

All sinks should be fixed on galvanised cast- 
iron cantilevers, as before described and shown 
by Fig. 596, or more clearly still by Fig 60a 
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Fig. 60a 

These cantilevers are now stocked by all good 
houses of business and are very moderate in 
cost. By this fixing the whole of the space 
beneath is clear for sweeping and cleaning, and 
there are no corners in which filth can accu- 
mulate and which is the case when the sinks 
are supported on brick piers, as usually practised. 
Another advantage of the clear underspace is 
the comfort with which the sinks can be used, 
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there being nothing to kick or knock the knees 
against 

The height at which the sinks should be 
fixed has to be varied to suit the circumstances. 
Dealing with that for washing plates and dishes 
first. Assuming the user to be about 5 ft 4 in. 
in height and the sink to measure 2 ft 3 in. 
inside from back to front The top edge of the 
front should be 2 ft 10 in. above the floor, or 
3 ft. if a 2 in. thick wooden latticework floor- 
rack is used for standing upon. By some the 
height would be considered excessive, but when 
fixed lower complaints are made that the 
person's back aches very much, especially when 
reaching over to find anything lying in the 
bottom at the point S, Fig. 600, and which is 
only about 1 ft 8 in. above the floor line. The 
sink being 14 in. deep, after allowing 3 in. for 
the motion of the water when being used, 1 1 in. 
in depth will remain. This may appear to be 
very shallow for large establishments, but it 
should not be exceeded, as even with that 
quantity the user's arms would be immersed 
above the elbows when washing dishes. For 
medium size establishments the sinks should 
not be so wide as stated, and 2 ft. will be 
found ample. But the height should remain 
the same and the depth reduced by about 1 in. 
In small houses which have scullexies the size 
may be further reduced. When deciding upon 
dimensions for such fittings it is not at all a 
bad plan to consult the persons who will have 
to use them, and also have a look at the dinner 
services, as in some mansions very large pieces, 
or dishes, are used, and these would get 
jammed in the sink if it were too small. 

The vegetable washers should be about 
30 in. x 20 in. x 16 in. outside measurement, and 
fixed on cantilevers, the top edge of the sink 
being about 2 ft. 6 in. above the floor line. 
The apparent lowness of this will be explained 
further on. 

The scouring sink should be a good large 
one. The largest stock size made at the present 
time being 48 in. x 24 in x 8J in. outside dimen- 
sions. But no doubt that in the near future 
sinks will be made more suitable for extensive 
establishments. But with the above a good 
job can be made by adding a slate or other 
suitable top. Such sinks should not be fixed 
more than 2 ft 6 in. above the floor. If higher, 
the servant cannot stoop over the work in hand 
or reach into a tub if necessary to use one. 
With this latter sink there is sometimes a little 
trouble in making the connection to the waste 
pipe. Many ways are practised, but the only 
reliable one is to have what is called a brass 
grated connection with fly nut and union. 
Those sinks which have a number of small 
holes in the material should be rejected, and 
those with plain, counter-sunk waste holes, as 
shown in Fig. 598, selected. 

Fig. 601 is a fragmentary section of a sink 
showing the grated connection. It is advisable 
to buy this with the bink. If purchased of any 



other manufacturer it may not fit properly and, 
if too tight, may in expanding break the sink. 
This advice should be strictly followed as many 
sinks are destroyed through neglect of this 
apparently trivial detail. For reasons that have 




FlG. 601. 

already been given, the water-way through the 
brasswork should be of a good size, and never 
less than 2 in. in diameter when a ij in. trap and 
waste pipe are fixed, or i\ in. to 3 in. when the 
latter are 2 in. The extra size is to allow for 
obstruction, or reduction in area, caused by the 
grating. 

For metal lined sinks it is usual to solder the 
trap and grating to the bottom, the woodwork 
being dished round the waste hole so that the 
joint may be below the surface. If a 2 in. trap 
and waste pipe are to be used the former should 
have what is commonly called a coned inlet. 
Fig. 602 clearly explains this and shows a large 
size grating, the perforations in which in the 
aggregate are as large as, or exceed, the internal 
cross area of the trap or waste pipe. It will be 
noticed that the grating is so low down that tubs 
or anything of that kind cannot rest upon or 
injure it 

When sinks are used for washing up purposes 
it then becomes necessary to fix plugs over the 




Fig. 602. 

waste pipes to retain the water in them. For at 
fireclay or other hardware sink, this fitting would 
be as shown in section by Fig. 603. In this case, 
too, it is important that the brasswork should be- 
below the level of the bottom, otherwise the 
plug may be driven into the washer so tightly 
that it cannot be got out. At T there should » e 
a grating for preventing anything passing 
through to choke the waste pipe. So that the 
grating should not throttle the water-way, the 
washer should be hrge in size for reasons. 
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already given. For metal lined sinks the 
attachment should be as shown by Fig. 604, the 
trap having an enlarged inlet for taking the plug 
and washer. In the latter figure, the ring is 
shown recessed into the plug. This is much 
better than the one shown in Fig. 603. In Fig. 
604 the grating is attached to the bottom of the 
washer, as shown in section at U. These grat- 
ings vary very much in design and some of 
them are of a very objectionable form, and, 
although 2J in. and 3 in. in diameter, have such 




J* IG. 603. 

small holes that the water-way is reduced to 
about the area of a 1 in. or ijin. pipe. The 
water passing through such gratings does not 
fill the bore of the trap and pipe, with the result 
that an amount of slimy matter will adhere and 
eventually choke them up. An improved grat- 
ing shown by Fig. 605, and known as a " Cobweb 
grating," is far preferable on account of the 
small obstruction it presents to water passing 
through. Some plumbers and engineers have a 
few "crossbars" in the washer, in lieu of the 
grating. These consist of small brass wires 
passed through holes drilled in the washer to 
receive them, the ends being rivetted on the 
outside. The traps under scullery, or indeed 
any other sinks should always have screw caps 




Fig. 604. 

to them, as shown by Figs. 601 and 602, for the 
removal of anything that may get inside. It is 
almost impossible to guard against the traps 
being choked at times. Even a small fish 1 one 
may lead to a stoppage. If it should pass end- 
ways through the grating and get crossways 
inside the trap other matters will cling around 
it and eventually form a solid plug. Sand used 
for scouring cooking utensils, and mud and 
small pieces of matter, such as potato parings, 
are a constant source of trouble, although these 
will frequently pass through the waste pipe and 
choke the gully trap outside, especially when 



the latter is of a large size or an unsuitable 
shape. 

All sinks with plugged wastes should have 
overflow pipes to them. And these should be 
of a large size with grated inlets. The previous 
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Fig. 605. 

remarks on these latter fittings apply also in 
this case. The best form for the overflow grat • 
ings is shown by Fig. 606, and can be made for 
soldering in the end of the pipe when attached 
to metal lined sinks, or with screws or flanges 
for fastening to the holes in those made of 
stoneware or fireclay. Some of the latter have 
provisions for overflow made in the thickness of 
the material, and are fairly good, but the 
generality of them have such tiny holes as to 
render them almost useless. And, excepting 
with one or two makes, no provision is made for 
access for cleaning the insides when foul or 
filled with congealed grease. A considerable 
quantity of the latter floating on the top of the 
water in a wash-up sink will flow down the pipe 
and cause a stoppage. This evil, and several 
others in connection with our subject, would be 
much reduced if the servants could be 





Fig. 606. 
persuaded to scrape all grease and odds and 
ends off the plates and dishes before washing 
them. 

On referring again to Fig. 606 it will be 
noticed that the grating has a rim to it. This is 
soldered to the metal lining of the sink, and by 
taking out the screws shown at V V the grating 
can be removed lor access for passing a cane 
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or small brush into the pipe, and afterwards 
refixed. A troublesome detail in connection 
with the overflow pipe is where it shall dis- 
charge. To take it into the open air is very 
objectionable, and if joined to the trap under 
the sink it will be perfectly useless if the trap 
becomes choked. To fix a separate trap and 
pipe cannot be recommended, as the former 
would never get thoroughly washed out or would 
become empty, by evaporation, if the sink was 
never filled to overflowing. Of all the evils that 
of making the connection to the trap is the 
least, and is the one most commonly 
practised. 

In large establishments where of necessity 
the wash-up sinks must be of a good size, and 
the space in them can be spared, it is always 
advisable to have the waste holes close in the 
corners and strainers fixed, as shown by Fig. 
596. These pre\ ent injury to the plugs, or being 
jammed in by the movement of whatever is 
being used, and also the difficulty of getting 
them out when the sink is full of crockery. The 
strainers being of a good size, small holes are all 
that is necessary, and with them there is less 
liability of the trap and waste pipe being 
choked. Another advantage of this arrange- 
ment is the objectionable overflow pipe can be 
abandoned, and, instead of a plug, a trumpet 
mouthed waste pipe can be substituted. This 
fitting is shown by Fig. 607, which is a section 
of an angle of a sink with trumpet pipe, having 
a bow handle, W, for lifting out when desired 
for emptying. The dotted lines represent the 
strainer, behind which the stand pipe is fixed. 
By this airangement the latter can be 
lifted out and washed and cleansed whenever it 
becomes fouL Hence its advantage over the 
overflow pipes which have been described. 
The strainer, being fixed by means of slips 
attached to the sides of the sink, into which it 
slides, can also taken out, scrubbed, and be 
replaced. 

As mentioned before, all scullery wash-up 
sinks should have draining boards at the side, 
and these should be ot a good size, not only for 
their ostensible purpose, but also to hold dirty 
crockeryware waiting to be washed. Such 
boards should have corrugated surfaces to 
allow the water to flow away when the articles 
are placed upon them to drain. Plates and 
dishes would be placed in a rack fixed to the 
wall above or near the sink, but there are several 
utensils that cannot be so placed, hence the 
necessity of the boards. 

Fig 608, is a view of the combination with a 
high back to the board continued at the same 
level as that of the sink. Such an arrangement 
is suitable for a medium-sized house, but for 
larger ones with double sinks another board 
would be fixed at the other end. If there is no 
wall at the right-hand end the skirting would 
be emitted. The front capping of the sink 
would be continued on the front of the board to 
prevent anything slipping off. Sometimes 



wood only is used, but when the sink or sinks 
are lined with lead the board is covered with the 
same material and chased into the furrows of 
the corrugations. When copper is the material 
used for lining the sink it is also used for the 
boards. To make a neat-looking job this latter 
material has to be wrinkled by passing it 
through iron or steel rollers, and this should be 
done before the carpenter prepares the board, 
otherwise there is some trouble in making the 
copper fit nicely. That is, it is easier to fit the 
wood to the metal than vice versa. The drip- 
ping eave of the drainer should hang down in 




Fig. 607. 

the end of the sink at least 2 in., otherwise water 
is drawn in by capillarity and rots the wood- 
work at the part marked X, in the figure. 

For several years past the difficult problem 
of disposing of the waste water from scullery 
wash-up sinks, either the metal lined, or when 
made of hard — or stone— ware in which tubs 
are used, has engaged the attention of plumbers 
and sanitary engineers. The principal diffi- 
culty has been the grease, which, flowing in a 
liquid state into the drains, congeals, and 
eventually blocks them up. Before sanitary 
science was so well understood as at the pre- 
sent time, and when drains were made of a very 
large size, with no disconnecting traps in their 
course, so that rats could get free access to 
feed on what came from the scullery, less 
difficulty was experienced. But under modern 
conditions this is all changed. When smaller 
sized trapped drains were introduced the 
trouble with grease became very prominent. 
The first introduction was a trap especially 
constructed for intercepting the matter. Fig. 
609, is a representation of what used to be 
practised and which may be found at the 
present time in large numbers of the houses, 
both in town and country, in which the higher 
classes of society live. These matters were 
referred to in my earlier writings several years 
ago, but repetition may be of advantage to 
those who have not read my book " Plumbing 
Practice." 

The sink and bell trap were dealt with above. 
In many cases a drain pipe is fixed, as shown 
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under the sink, Fig. 609, and as there is some 
difficulty in making the joint, sometimes no 
attempt is made to do this, air from the under- 
ground cesspool trap can escape as shown by 
the arrows. The trap under the pavement is 
built with brick, the walls are rarely to be found 
watertight, so that sewage oozes through and 
saturates the earth. On taking out such traps 
the surroundings are almost invariably found to 
be black with sewage and containing large 
numbers of small red worms, which seem to 
thrive in such matter. The "dip stone" Y is 
perfectly useless for keeping drain air from 
passing, owing to the open space at Z, but 
effectually prevents the greater body of grease 
from escaping into the drain. The above 
material on decomposing gives off large volumes 
of marsh and other inflammable gases, and in 
some cases the writer has set fire to them, but 




Fig. 608. 

knowing the results has carefully stood on one 
side to avoid the explosion which sometimes 
follows. In some houses the traps are so large 
that they will go on for one or two years before 
becoming so full as to necessitate their being 
cleaned out, and in others they require attention 
every few months. In country mansions any- 
one, a gardener or a farm labourer, is set to 
work to remove the grease, and in town houses 
the dustman has sometimes been asked to take 
it away with the dust. When proper men are 
not employed to do the work the cover stone A 
is not properly bedded down, with the result 
that air not only from the drains, but also from 
the contents of the traps, escapes freely into the 
house, as shown by the darts. When inspect- 
ing houses as to their healthy condition, cases 
have been discovered where the sink waste pipe 
has been altered and made to empty into a 
&ully trap outside the house, but the old under- 
ground trap and its foul contents have been 
allowed to remain. Some of these troubles are 
very hard to discover, especially when being 
assisted by a grey-haired old bricklayer, or 
other estate workman, who " knaws they's all 
right as 'e 'elped 'is old fayther to put 'm in 
ower forty year ago," and puts you down as 
being a meddling fussy body if you insist upon 
finding out the facts for yourself in preference to 
taking his statement as to the existing con- 
ditions. 

Some years ago the trap shown by Fig. 221 in 
an earlier lecture was considered very good for 
preventing grease escaping into the drains, and 
also because air from them did not escape when 
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the cover stone was taken off for the removal of 
the grease. As an improvement on the latter 
trap, the one shown by Fig. 261 was patented 
several years ago, and for a considerable time 
met with great favour from professional men as 
well as laymen. Several other forms have been 
introduced for catching grease, but no matter 
what shape they may take it must be admitted 
that all such traps are abominable, filthy 




Fig. 609. 

nuisances that are constantly emitting bad 
odours, and when being cleared of their con- 
tents poison the air for some distance away. It 
must also be admitted that they are neither 
more nor less than cesspools. The poor 
fellows who have to clean them out deserve 
commiseration, and the writer knows of men 
who have been ill afterwards. Large firms, who 
contract to do such work periodically, keep 
stores of disinfectants for their men to take 
with them when emptying some of these so- 
called grease interceptors and grease traps. 

Old abuses die hard, and it is to be regretted 
that those referred to above are at the present 
time in hundreds of cases allowed to exist, and 
in fact are being reproduced. This is partly 
owing to the fads of the old school of plumbers 
and others who undertake sanitary work, and 
partly to the fact that other and better methods 
for disposing of grease are unknown excepting 
amongst those who undertake the highest class 
of work. 

Amongst the earlier of the improved methods 
for disposing of the waste from scullery sinks 
was one introduced by an engineer of consider- 
able repute, and which is shown by Fig. 610. 
The waste pipe was made to empty over a grat- 
ing, which had a trap beneath it, fixed over a 
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receiver or chamber with a syphon attached to 
it. When the chamber is filled to overflowing 
the action of the syphon is started, and the 
whole of the contents are quickly emptied into 
the drains. The action breaks up the grease, 
which has congealed or become partially solid, 
and floats it away, and at the same time the 
drains are fairly well flushed. The same kind 




Fig. 6ia 

of tank has been used for catching waste water 
irom other sinks than scullery, and also from 
baihs. By its use all waste water is sent 
through the drains with a scouring force, 
this being better than allowing it to dribble 
through, in which case no cleansing force is 
exerted. It has been reasoned that dirty is not 
so good as clean water for flushing drains, also 
that scullery waste water becomes offensive by 
keeping, so that it is not advisable to have the 
above tanks too large. 

We will now deal with one or two other 
methods that have been practised in later 




Fig. 6ii. 

years with the object of getting rid of greasy 
water. 

The primary object is to prevent liquid grease 
passing into the drains, and as it cannot easily 



be separated from the water when in a melted 
state without using special appliances or traps, 
constructed on the principle of that shown by 
Fig. 609, the first aim of plumbers and engi- 
neers at the present time is to solidify it. To 
do this it is passed into a gully trap, as illus- 
trated by Fig. 611, and an automatic acting 
flushing tank fixed as shown at B. With the 
waste pipe connected to the trap on the opposite 
side to the outgo the combined grease and water 
scours through into the drain, where the former 
will solidify and become difficult to remove by 
water flushes. And as it is desired to retain 
the grease in the gully trap until it solidifies, it 
follows that the arrangement is not a good one. 
The flushing pipe from the cistern B, is usually 
made to discharge over the top of the trap, and 
in some instances, above the grating. When 
so fixed the force of the flushing water is broken 
and robbed of a great portion of its efficiency 
for scouring out the trap and drain beyond it. 
Although not perfect in arrangement the com- 
bination is much superior to the old cesspool 
trap with all its abominations. 

There are several patented grease traps in 
the market, and a very good one, the best the 




Fig. 612. 

writer knows, is shown by Fig. 612. The trap 
itself has a flushing rim round the top edge 
with a jet opposite the outlet, and also a channel 
made in the material, stoneware, for another 
jet of water to play into the bottom to scour 
away sand and such matters. This stream also 
drives out the standing water which, no longer 
supporting the cake of grease, carries with it 
whatever is in the trap, being aided by the flush 
from the rim and top jet. The pipe from the 
tank is connected to the arm of the trap at C, 
and at this point is a division which separates 
the column of water into two portions, one 
going to the rim and top jet and the other to 
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the bottom jet The flushing tank should hold 
from 20 to 50 gallons, according to the amount 
of grease that passes into the trap and the length 
of the drain behind it; it being desirable to 
drive the waste matters to the outlet, either 
into the sewer or straining tank in connection 
with an iirigation scheme, if the sewage is 
disposed of by the latter method, as quickly as 
possible. The diameter of the flushing pipe 
should be from 2i in. to 34 in., the head or 
height at which the tank is fixed usually being 
taken into consideration in addition to the 
other points mentioned. The feed cock should 
be adjusted so that the tank will fill and empty 
the necessary number of times during the day. 
The exact number cannot be stated owing to 
the great difference between the usage of 
various sculleries. One detail must not be lost 
sight of, and that is, that if the flushing is not 
done frequently and much hot water is being 
used, the contents of the trap become so heated 
that a great deal of liquid grease will pass into 
the drains. Frequent flushes will so cool the 
water that the above evil is avoided. On look- 
ing at Fig. 612, it will be noticed that the waste 
pipe is connected to the side of the trap, so that 
the water does not rush directly to the outlet 
and carry the grease with it as was explained 
when writing on Fig. 611. 

Vegetable Sinks. 

Only in well organised establishments are 
sinks provided for washing vegetables and 
salads. Their advantages are manifest, and we 
need only to deal with their fitting up. It has 
already been suggested that they should be 
made of fireclay, white or cream enamelled 
inside, and they should be fixed on cantilevers 
clear of the floor, as described for the wash-up 




Fig. 613. 
sinks. Their sizes and height at which to be 
fixed above the flow have also been referred to. 
Slate sinks were much used before the intro- 
duction of those above named, but are now less 
so owing to their dark appearance and also to 
their cracking when warm water has been used 
in them. 
For ordinary establishments vegetable sinks 



should have slate tops to them and very high 
slate skirtings next to walls. Fig. 613 is a 
view of one fixed in a window recess. The 
sink is kept near one side of the opening so as 
to leave as large a portion of the top as possible 
as a dresser on which the vegetables can be 
trimmed and prepared for washing, the skirt- 
ings being 2 ft high to protect the walls. In 
seveial houses wood is used for the tops instead 
of slate, and after being used for a time pre- 
sents a wretched, dilapidated appearance. The 
wood being frequently wetted is rendered soft 
and is easily notched by the knife used for 
trimming the vegetables, until at last the top 
has the appearance of an old butcher's block, 
and can neither be scrubbed nor scraped clean. 




Fig. 614. 

In very high-class work marble has been used 
for the above purpose for the sake of appearance, 
but although it may look cleaner it does not 
wear so well as slate. 

In a small country mansion in the South of 
England the vegetable sinks were arranged as 
shown by Fig. 614. D is the salad and herb 
sink, and E and F are for vegetables. In the 
angle of each a strainer and a trumpet-mouthed 
overflow and waste pipe were fixed as described 
lor the scullery wash-up sinks and illustrated by 
Fig. 596. 

In a very large establishment in the North of 
England a vegetable scullery was fitted up with 
every convenience that was thought desirable 
and that could be of advantage. Fig. 615 is a 
plan. G is a slate table, H a salad and herb 
sink; I is for greens, and J J for roots. All 
the sinks having strainers and combined 
overflow and waste arrangements, as described 
for Fig. 614. The walls all round the room 
were lined with slate slabs 6 ft. high and extend- 
ing down to the floor, so that a hose pipe can 
be used and the whole washed as frequently as 
may be found necessary. At K, are slate bins 
for holding vegetables, a view of one is shown 
by Y ig. 616, the whole being connected to the 
wall slates above described. The lower bins 
are for vegetables and have the floors sloping 
to the front, in which openings L are made for 
sweeping out dirt ot washing out with the hose 
pipe. The upper bins M, are made for herbs 
and small articles, and have openings similar 
to those below. The small shelf N, is for laying 
asparagus and such like garden stuff on until 
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wanted. In some cases the fronts of the bins 
are fitted to slide out for easy access for 
cleansing, but in very large establishments the 
whole is best fitted up as shown so as to with- 
stand hard usage and knocking about, which 
would perhaps loosen the slates. 

Referring again to the overflow provisions, it 
may be added that those suggested above are 
useful when it is desired to leave the 
cock open for a stream of water to be lelt 
running to more thoroughly cleanse what is 
being washed in the sink. 

In some country establishments the gardener 
will partly trim the garden produce before 
bringing it into the house, and for sanitaiy 
reasons this is the right thing to do. But 
unless it is going to be used at once the juices 
will drain out, thus taking off the freshness, and 
for this reason the cook, or vegetable maid, 
prefers to do the trimming herself. In this 
latter case a large quantity of green and other 
stuff accumulates, and unless soon removed will 
give of) unpleasant faint odours. At O, Fig. 
615, is a receptacle for such waste matters, 
which can easily be carried away by the work- 
man usually employed about the premises. In 
some cases an opening has been made through 
the wall for scullery trimmings and garbage to 
be passed through into a hog-wash barrow or 
cart placed outside. Where this has been done 
complaints have been made that the smell of 
the matter has been drawn into the house 
through the opening, and rats have been able 
to come and go at their pleasure. In one case 
the writer had a 6 in. drain pipe built in the 
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Fig. 615. 

wall, and a galvanised cast-iron flap valve fixed 
on the outer end similar to what is sometimes 
done at the discharging end ot a house drain. 
But this has not been a complete success. In 
another case, a garbage shoot, with a balanced 
valve on the outlet, as shown at P, Fig. 617, 
was fixed and found to answer much better. 



Although the valve did not always close so 
tightly as to keep the smell from the tub pass- 
ing it was found to be effectual against rats. If 
they attempted to get through and clung to the 
valve it would open and they would drop into 
the tub below. Prior to this introduction the 
writer has been with another person whose 
terrier dog caught two and three rats during the 
evening when he was staying in a country man- 
sion, but after the valve was fixed they cea-ed 
to be a nuisance inside the house. The tub on 
wheels is best when made of galvanised wrought 
iron. This material is not absorbent like wood, 
and consequently does not smell so offensive. 




Fig. 616. 

The practice of having wooden dressers and 
keeping vegetables in the drawers is not at all 
good, although often met with. Frequently the 
writer has opened such drawers and found 
potatoes, onions, and other vegetables, either 
sprouting out or in a rotten condition. An 
illustration of the evil smells given off by vege- 
tables comes to memory, where the writer was 
sent to test the drains and sanitary fittings in a 
west end of London house, as the occupants 
were sure they were being poisoned by sewer 
air. The testis having been applied and no 
defects discovered, attention was given to other 
matters, and eventually a large hamper was 
found about half filled with gaiden produce, 
which had been sent up from the owner's 
country estate. The upper portion of green 
stuff had turned yellow, the lower portion was 
almost black and giving oft an abominable 
stink, which became worse on turning it out of 
the basket Ot course, it is very nice when 
living in a town to have the produce of one's 
own country garden sent up, but if a week's 
supply is packed in a hamper and sent up at 
one time, it surely cannot be suitable for food 
after the first lew days, when decay and fermen- 
tation has set up. 
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In ordinary mansions, where the amount of 
vegetables us$d is not very large, they are pre- 
pared in the scullery. Fig. 618 is a plan of the 
scullery of a country mansion, showing the sink 
arrangements. Q Q are tinned, copper-lined 
wash-up sinks, for plates and dishes, having 
corrugated tinned-copper draining boards at 







Fig. 617. 



R R. At S, is a large size vitrified stoneware 
sink, in which pots and pans are cleaned and 
scoured, and at the side, T, is a slate top on 
which to place such utensils whilst waiting to 
be washed. U U, are two white enamelled 
fireclay sinks for vegetables, and having a slate 
top to them. The wash-up and scouring sinks 
have separate waste pipes, with traps under the 
sinks, emptying into a grease trap, V. The 




^^^^^^777^^ 



Fig. 618. 

pipes from such sinks sometimes get choked, 
hence the necessity of keeping them sepatate. 
If only one pipe were used, and it was choked, 
all the sinks would be thrown out of use for a 
time or until the stoppage was removed. 

The sinks, U U, have trapped waste pipes 
emptying into the interceptor at W. 

Before leaving the kitchen department we 
may again refer to another fitting which should 
always be provided, and that is a wash basin 



If it is desired that servants shall be clean in 
their habits, and this refers especially to those 
who have the preparation of food, proper con- 
veniences must be supplied for their use. With 
this reminder we can now pass on to sinks in 
other parts of houses and deal with those in 
butler's pantries. 

Butlers and other Sinks. 

In small establishments, where three or four 
servants are kept, and the parlourmaid has to 
do the duties of a butler, a room is generally 
reserved for silver plate, glass, and china. 
Such utensils require careful usage, and it 
would not be safe to send them to the scullery 
for cleansing. In such houses one sink has to 
be used for all the above purposes. Opinions 
differ as to what material is the best for their 
construction, but if a few minutes are devoted 
to thought on the question a more satisfactory 
conclusion tan be arrived at. In large numbers 
of houses, built years ago, we find slate sinks; 
but these, although impervious, have a dark 
look, and crack when hot water is put into 
them. They scratch silver plate, and are very 
destructive to glass and china. These remarks 
apply to all sinks which are of a hard nature, 
although the white enamelled fire-clay have a 
cleaner appearance than the others named. 
Those made of wood are the best when judged 
from the destructive point of view, but are 
objectionable for the reasons given when 
describing such fittings for sculleries. For 
ordinary wash-up purposes a tinned-copper 
lined sink is the best as it wears well and does 
not injure plate and glass. But, here again, 
there are objectionable details. When greasy 
silver plate is being washed, soap has to be 
used, and this matter sticking to the sides 
renders the fitting unsuitable for washing glass. 
In some houses it has been found to be an 
advantage to have a fireclay sink, as shown by 
Fig. 598, but with draining boards at the sides, 
and use tubs for washing in. When this is the 
case the tubs should, after using, be placed in 
the sun to dry, and not be shut up in the sink, 
or placed, when wet, in the enclosure beneath. 
The tubs themselves should be turned out of 
solid blocks of wood in preference to being 
made by a cooper. And separate utensils 
should be used for trail goods, such as glass 
or china and silver plate. In some houses 
where one sink has to do duty for all pur- 
poses, the writer has seen extra large draining 
boards at the sides, on which the articles, after 
washing, have been placed, and then rinsed by 
means of a hand watering pot or a small hose 
pipe and rose, as used for shampooing pur- 
poses. 

In larger establishments, two and three 
wash-up sinks are sometimes fixed, each fitting 
being retained for its especial purpose. Where 
men-servants are kept the sinks are used by 
them as lavatories, and where no proper bed- 
room convenience has been provided they have 
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sometimes to answer as urinals also. These 
disgusting practices have been referred to be- 
fore, and remedies suggested, but are again 
mentioned with a view to impressing upon 
readers the importance of being thorough in 
arranging such fittings in a sanitary manner. 
At the same time they must remember that in 
the majority of cases the dinner water bottles 
are filled at the taps over the pantry sinks, 
such taps having their nozzles in a filthy con- 
dition, from splashings, and covered with green 
verdigris. In very few cases, indeed, do the 
servants keep the taps clean and bright. 

There are several other objectionable details 
in connection with our subject which may be 
referred to with a view to suggesting remedies. 
One is the practice of putting a large lump of 
ice into a dirty sink, breaking it up into small 
pieces and then serving it up at the dinner 
table without any attempt whatever at washing 
it or cleaning of! any filth that may be adhering. 
At the same time small holes are made in the 
bottom of the sink by the picker used for break- 
ing the ice. The sinks are usually made much 
too small for their purpose, so that articles 
being washed can be jammed in. In addition 
to this the cocks for supplying water are usually 
fixed near the centre, at the back, thus occupy- 
ing a certain amount of space, and which would 
not be the case if they were fixed at one end. 
Neither should these be too low down, so that 
a jug or can cannot be got under the nozzles 
without risking a breakage, or causing the 
water pipes to leak by straining the cocks up- 
wards. Enclosures are always objectionable 
for reasons that have been given, but it is of 
little use preaching this doctrine as servants 
will have them, and if you decline to fix them, 
will call in another tradesman as soon as you 
have completed your work, and have their 




Fig. 619. 

"glory-holes "reinstated Covers to sinks are 
also objectionable, although the plea is often 
raised that they form tables on which to clean 
silver articles. On opening such covers a foetid 
odour almost invariably escapes. Where they 
are insisted upon, ventilating openings should 
be made, so that the contained air can breathe, 
so to speak, in and out, and thus become 
changed. 

In very large establishments, the owners of 
which have a considerable amount of silver, a 
plate scullery is usually provided, and in this 
room all the work to such articles is done. 
Fig. 619 is a plan of such a room that the 
writer had to do with. There are four sinks, 
fixed in pairs, with draining boards on which to 
lay the articles after washing and rinsing. The 
sinks are lined with tinned-copper, similar to 



those described for scullery use. excepting that 
they are not so deep. To suit the large dishes 
in one establishment it was found necessary to 
have them about 3 ft long by 2 ft. 3 in. wide. 
As the plate scullery is not used daily, so as to 
entail hard wear, the draining boards are usually 
made of wood, but it is an advantage to have 
them covered with corrugated tinned-copper, 
and place woollen cloths on them to prevent 
the dishes, &c, from slipping or being scratched. 
Here, too, it is necessary to keep the cocks well 
out of the way. 

In houses where the glass is kept in cases in 
a special room, it is usual to have two sinks, 
these being lined with tinned-copper. They 
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Fig. 620. 
should not be too large, or so that too many 
articles can be placed in them at one time. 
The draining boards should be ample in size, 
fixed quite level on the surface, the flutings 
only being made to fall to one end, usually to 
the sink. In addition to the latter, bottle racks 
should be fixed on which decanters can be 
placed to drain after being washed. Fig. 620 
is a plan of part of one shelf in such a rack. 
The shelves should not be too close together so 
that there would be risk of knocking the 
decanters together when placing them in posi- 
tion, and neither should they be too high or 
difficult to reach. It is best to place such 
fittings on one side and not over the sink. 

The above remarks apply to sinks in china 
closets, the only difference being that they 
should be one or two inches lower. In this 
case, women of ordinary stature, and in glass- 
rooms, men, sometimes very tall, have to use 
them. 

In connection with the culinary department, 
a pastry-room is sometimes provided, and a 
sink is necessary in it. One made of fireclay, 
white enamelled inside, is very good. That 
shown by Fig. 598 is suitable, and fitted with 
white veined marble at the sides, to form tables, 
with very high skirtings of the same material, 
and the walls covered with white glazed tiles, 
the room looks clean and cool As described 
for others, the sinks should be fixed on canti- 
levers, and should not have any enclosures or 
cupboards. All utensils and articles used 
should be kept on marble shelves round the 
room. The previous remarks made on the 
position of the cocks and also the trapping and 
waste-pipe arrangements of the vegetable sinks 
apply also to this and the sinks above described. 

In all good houses a still room is a necessity. 
Not of the kind as used years ago when all 
essences, for either culinary or toilet purposes, 
were distilled or made, but where the light 
foods for breakfast and tea are prepared. Fig. 
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621 is a plan of one in a nobleman's mansion. 
A is a cooking range, B an oven, C a hot plate, 
and D a pair of tinned-copper lined wash-up 
sinks, as illustrated by Fig. 596, excepting that 
draining boards are fixed instead of the high 




Fig. 621. 

end. In a general way the still room may be 
•described as a small kitchen, and is fitted up in 
the same manner. When the family is away 
and only servants left in a house, the still room 
is frequently used as a kitchen. This is also 
the case when only a small portion of a family 
is at home. In connection with the servants' 
offices in country mansions sinks are required 
in the boot-room, brushing-room, lamp-room, 
gun-room, and servants' hall. That in the 
boot-room is best made of enamelled fireclay, 
as shown by Fig. 598, but with a high back and 
having draining boards, or slabs, at the sides. 
The brushing-room should have a tinned- 
copper lined sink, about 10 in. deep, with 
sloping boards at the sides, on which hunting 
clothes and aprons can be scrubbed and 
cleaned. A small fireclay sink is all that is 
necessary in a gun-room. The latter should 
always be in an out-building if possible, some 
•distance from the house, on account of some 
little danger attending the storage of ammuni- 
tion. The lamp-room is usually inside the 
house, but here, too, an Outside position is best, 
especially when petroleum or other oils are 
stored in it. Not only is there some little risk 
ot an accident occurring and the oil catching 
fire, especially when it is splashed about and 
the surroundings saturated, but the odours have 
been traced to different parts of a house and 
complaints made about them. The sink should 
be enamelled fireclay, and the dressers on 
which the lamps are trimmed covered with 
sheet zinc turned up against the walls and 
folded over a bead on the front edge to prevent 
spilled oil running onto the floor. The latter 
should be of impervious material The break- 
fast or tea crockery, &c, used by the servants at 
their meals is usually washed in their hall. 
For this a medium size tinned copper lined sink 
is usually fixed, in some cases with draining 



boards at the sides, and with covers extending 
over the whole, as shown by Fig. 622. The 
objection to these latter have been given, but 
the plea has been raised that sometimes 
entertainments are given, and servants' visitors 
received, in this room, and the sink looks un- 




Fig. 622. 

Sightly. In the figure the lids are shown open, 
and at E is a curb which, when the lids are 
shut, fills up the opening above the sink in 
front 

In some houses it is an advantage to Bx a 
sink for the nursemaid's use. When of white- 
ware it looks nice and clean, and when dirty 
shows lack of attention on the maid's part 
On no account whatever should this sink be 
used for the reception of slops. The remarks 
that have been made on other details, such as 
enclosing, trapping, and treatment of waste 
pipes apply to all these latter sinks excepting 
those in the still room. In this case the waste 
water should empty into a " flush-out " grease 
trap as described for the scullery, and shown by 
Fig. 612. 

Housemaids' Sinks. 

In all well organised establishments a room 
or rooms should be set apart for the house- 
maids to keep their brooms, pails, cans, portable 
baths and such like utensils, and for them 
to do certain kinds of work in. As with w.c'S, 
it is often thought that any out-of-the-way 
place, or a cupboard beneath the stairs, is all 
sufficient for the purpose. But no greater mis- 
take can be made. These places are generally 
near bedrooms, and any bad odours in the 
neighbourhood will penetrate into the rooms 
for the occupants to breathe. When ill-lighted 
and unventilated these closets invariably smell 
offensive, especially when crowded with various 
utensils, dirty slop pails, sponge baths, wet 
rags and cloths, and other matters. It is true 
in numbers of houses portable baths are pushed 
beneath the beds out of sight, but this practice 
is almost as bad as keeping the pot-de-chambre 
in the same position. There is little doubt that 
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this is the cause of a great many damp beds 
and the unpleasant odours given off from the 
latter, especially when made of feathers. The 
baths should be kept in a welt ventilated closet, 
or, if they are left in the room, they should be 
thoroughly dried after usage and left exposed. 
All slop pails should be scalded out after 
using, and placed while still hot to dry, not 
bottom upwards, but open so that no watery 
vapour is retained in them. The towels, too, 
should be scalded and hung to dry, and not be 
left in a wet condition in the pail or thrown 
into a cupoard. All this points to the necessity 
of plenty of light and fresh air. Certain con- 
veniences must also be provided for the 
servants 1 use, otherwise they cannot be clean 
and do their work properly, although desirous 
of doing so. It may be added that it is of 
little use teaching domestic economy in our 
elementary schools to girls who are eventually 
going out to service, unless householders give 
them every convenience for practising what has 
been taught. 

An important detail in the housemaid's 
closet is a plentiful supply of boiling or very hot 
water. This latter is very essential as, when it 
has to be carried in cans from the basement, or 
other remote place, it is either not used at all 
or an insufficient quantity is fetched, resulting 
in the chamber utensils being lined with a 
brown fur inside, and the slop pails and cloths 
having a strong smell of urine. 

One of the first necessities is a sink in which 
bedroom crockery, &c, can be washed. The 
best kind is one lined with tinned-copper and 
having: a plug over the waste for keeping the 
water in the sink. High backs should be pro- 
vided for protecting the walls and a metal 
covered draining board at one side. The size 
of the sink need not exceed 2 ft. long by 1 ft. 
9 in. wide and 1 ft. deep. An overflow arrange- 
ment is very necessary to carry away the water 
if the taps should be left running when the 
waste plug is in its place. The taps should be 
high enough for getting pails beneath, and 
here, too, enclosures should be avoided. We 
have dealt with this fitting as being used for 
one purpose only, and it now becomes neces- 
sary to take up another side of the question, 
namely, the disposal of bedroom slops. This is 
a very vexed problem, as so many architects 
and sanitary engineers look at it from different 
points, and each have good arguments for 
their views on the matter. One view is that 
bedroom slops should always go into the w.c's, 
but in practice it is found that with the waste 
water other things are thrown down, and which 
break the w.c basins or choke the traps. The 
tern pet ature of the slops is such as to cause 
expansion and contraction to such an extent as 
to eventually break the soil pipes. The seats, 
too, are continually being wetted. These 
troubles are constantly cropping up, and to pre- 
vent some of them separate sinks have been 
provided, the waste pipes being connected to 



the soil pipes, with the same results to them as 
when the w.c's have been used. On the other 
side of the question it has been reasoned that 
the filthy water thrown down a sink, the waste 
pipe from which empties into a gully or inter- 
cepting trap, always emits bad odours when 
laying in the latter. The writer has met with 
such examples, but in each case he found the 
intercepting traps to be so large that the con- 
tents were never changed, and only stirred up. 
at each discharge. He also found that no clean, 
water was sent down the sink to wash the 
channels through which the slop water had 
passed. He has also had cases where houses 
were left for a season, with only two or three 
servants in charge, where the water had 
evaporated out of the traps. The waste pipes 
being connected directly with the drains instead 
of being cut off by interceptors, and drain air 
was passing so freely into the houses as to 
create alarm as to their sanitary condition. 
Invalid's and some kinds of nursery slops 
should be thrown down the w.c's, but for the 
reception of ordinary bedroom and housemaids'* 




Fig. 623. 

waste water proper sinks should be provided,, 
and these should have separate waste pipes 
properly disconnected from the drains. 
We will now deal with a few o! the sinks that 
are sometimes fitted up for housemaids' use. 
Fig. 623 is an elevation of one kind frequently 
met with, and consists of an ordinary w.c 
basin, with earthenware trap joined to the 
waste pipe by means of a putty joint Over the- 
basin is a lead lined deal sink, with a large 
round hole in the bottom, into which the leadi 
is worked so as to project into the basin a short 
distance. There are many weak points in this 
arrangement Owing to expansion, and its 
opposite, the putty or red lead joint soon 
becomes defective, and the slightest movement 
of the basin renders the joint between it and 
the trap into a similar condition. The basin is. 
sometimes broken by heavy articles being 
pitched into it with the slops, and in the 
absence of any grating or strainer the trap 
becomes choked at times with house flannels or 



Digitized by 



Google 



SINKS. 



99 



some other article of domestic use. If the lead 
sink is only a few inches deep it is almost 
impossible for the maid to pitch the slops into 
the basin beneath, resulting in the fouling of 
the former. If the latter is filled to overflowing 
the slops run onto the floor and sometimes 
carnage the ceiling beneath. The woodwork 
under the lead sink is continually being wetted 
by s plash ings, and is often found in a rotten 
condition and smelling offensive. 

What is thought by some people to be an 
improvement on the above kind of sink is 
shown by Fig. 624. These are made by nearly 




Fig. 624. 

all manufacturers of plumbers' materials, and 
although better in some details than Fig. 623 
are far from being perfect. The evils of the 
basin, trap, and jointing are retained, although 
in some cases lead traps with soldered joints to 
the waste pipes have been introduced. The 
chief blot is the space, or so-called joint, 
between the basin and the sink. The principal 
improvement is the upper sink, which is of slate, 
and when enamelled presents a smart appear- 
ance. But this only lasts for a time and soon 
begins to present an unsightly appearance. 
In a few cases the slates have been found to 
crack, especially in the bottoms where hot 
water from the tap has dripped upon them. 
The high back and ends are very good for 
protecting the walls from disfigurement by 
splash ings of slops, but the height of the kerb 
in front of the basin renders it difficult to pitch 
the contents of a pail into the latter. In the 
drawing F is a division for preventing articles 
slipping into the basin, but with spaces cut out 
of the bottom edge for water to run away. 
The division also acts as a support for the 
draining board G, which is hinged for lifting 
when the basin part is being used. In some 
examples a galvanised iron grid is substituted 
for the draining board. The draw-off cocks 
are in a good position, and are not liable to be 
splashed with slops or filthy water. Several of 



this kind of fittings are enclosed. Others are 
fixed on especially made cast iron legs or 
supports, and a few are found to be fixed on 
cantilevers cut and pinned to the back wall. 
The latter is best, as the space beneath is left 
clear for cleansing, but can only be adopted 
when the back wall is made of brickwork. 
When a stud partition is behind the sink it 
then becomes necessary to use especially made 
brackets which can be fixed with screws. 

Another kind of slop sink is shown by Fig. 
625. The details above enumerated apply 
generally speaking to this one, excepting that 
the cocks are closer to the slop shoot. 

Fig. 626 is a sketch, with the enclosure 
removed, of a housemaid's sink arrangement 
fixed from an architect's drawings in a noble- 
man's mansion. At H is an enamelled cast- 
iron slop shoot which holds rather more than a 
bucket, and thus lessens the liability of an over- 
flow should a house-flannel or other obstruction 
get into the trap before being noticed by the 
user until too late to stop. I is a draining 
board on which cans or pails are stood when 
being filled with water from the cocks. The 
board and also the flashings at back and ends 
are all covered with sheet lead. The sink is 
flushed through the pipe J, which is connected 
to a two-gallon syphon action flushing cistern 
similar to those used for w.c's. of the ordinary 
washdown kind. But the flush is not thorough 
in that it forms a vortex, the water whirling 
round the basin instead of streaming down the 
sides and washing all filth down to the outlet. 
Copper sparge pipes have been tried for flush- 




Fig. 625. 

ing, but, although superior to the side mlet 
arm, dirt has been found to accumulate on and 
behind them and look unsightly. 

During the last few years many improve- 
ments have been made in the manipulation of 
materials, and it has now been proved that 
some of them can be moulded into forms which 
a few years ago was thought to be impossible. 
Even such coarse substances as fireclays can 
be made into certain forms as easily as porce- 
lain clays. The result has been some improved 
kinds of slop sinks. 
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Fig. 627 is a sketch section of such an one, 
showing the hollow or flushing rim, the 
flushing being done by a cistern as last 
described. Being of a good size it is not 
liable to be filled to overflowing. Those made 
for hospitals and similar institutions have the 
bottoms flatter so that bed- pans and other 
invalids 1 conveniences can be placed in them 
for scalding and cleansing. When fitted up 
on a galvanised iron frame with legs there is 
room for access for cleaning the space beneath, 
although in this case, too, the legs should be 
avoided if possible. The trap is attached to 
the sink by means of a brass connection at K, 
which can be open at the top or have a grating 
or crossbars, as may be desired. The bars 
are preferable as they can be cleansed when 
dirty, do not form an obstruction to the free 
passage of slops, and at the same time will 
prevent anything getting through that would 
choke up the trap. A lead trap is used in 




Fig. 626. 

connection with this sink, a wiped soldered 
joint being made to the union, and a brass 
cleaning cap soldered in, as shown in the 
figure, for removing any obstruction or passing 
a flue brush through for cleansing the inside. 
The sinks are made very strong so as to resist 
fracture, and being white enamelled inside 
present a clean appearance, or if neglected 
show the dirt 

An improved combination draw-off sink and 
slop sink, made of fireclay, white enamelled 
inside and buff out, and having a flushing rim, 
is shown by Fig. 628. The slop sink L, 
although square on plan, has hollowed inside 
angles so that no filth can accumulate beyond 
the reach of a scrubbing brush, and the top 
edge is rounded, thus not presenting any sharp 
arrisses to become chipped bv being knocked 
against with pails or cans, &c The flushing 
pipe M should not be less than 1 J in. diameter. 
The flushing cistern N is on the syphon 
principle, which has the advantage of ensuring 



the whole of the contents being used at each 
flush, the cistern holding from two to three 
gallons of water. The sink is supported on 
a cast-iron bracket fixed to the wall, and the 
lead trap O is fastened to the sink by means of 
a flange and bolts. The wash-up sink P is 
made of the same kind of material as the other, 
and has also hollowed inside angles and 
rounded top edges. This sink is made with 
high back and end, as shown in the figure, or 




Fig. 627. 

with the sides the same depth throughout for 
fixing in rooms with tiled or glazed bnck walls. 
Provision for a possible overflow is made by 
the lip Q, which hangs over the slop sink. 
The waste pipe is connected to an especially 
provided arm in the slop sink and, the end* 
being open, a small wire brush can be passed 
through for cleaning oft any filth that may be 
adhering. The whole of the combination being 
so arranged that all parts can be cleansed 
when necessary. When high back sinks are 
used any spaces from irregularities round the 
top edges next to walls can be filled up with 
cement to prevent water or dirt getting 
behind, and obviate the use of wood cappings 
which, being absorbent, would be liable to 
saturation. When floors and walls are made 
waterproof the whole can be washed down and 
thus kept thoroughly clean. Although some- 
times difficult in application, this should be the 
leading principle in arranging all kinds of 
sanitary fittings, and more especially does this 
apply to hospitals, infirmaries, and similar 
institutions. 

Mention has been made of the necessity for 
light and ventilation in housemaids' closets. 
The former is of great importance, otherwise a 
servant using a slop sink fixed in a dark 
position is liable to throw the contents of her 
pail outside the sink, not only saturating the 
floor but damaging any ceilings below. As 
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accidents, the upsetting of a pail for instance, 
are always liable to occur the floors should be 
made watertight, and where they are made of 
wood should be covered with sheet lead with 
the sides turned np an inch or two against the 
walls and dressed and nailed to a small deal 




Fig. 628. 

fillet in the doorway. An overflow pipe from 
the lead safe is an advantage, although it may 
not be considered as being an actual neces- 
sity. 

The position of a housemaid's closet should 
be as carefully considered as that of a w.c. 
Although the two are frequently, for conveni- 
ence, fixed adjoining each other, the entrances 
should be kept separate and, it possible, not in 
sight of each other, especially in hotels and 
mansions where the sexes are mixed. 
Decency should be considered, and it is very 
unpleasant for a gentleman to be detained in a 




Fig. 629. 

w.c. during the time a maid is doing her work 
close by. 

Having now dealt with most of the details in 
connection with slop sinks we can now pass 
on to the treatment of their waste pipes. The 



material for them should be as was described 
for baths. When fixed inside the house or 
building, galvanised wrought iron with screwed 
joints is best for the main stack, the branches 
being made as shown by Fig. 535, and to pre- 
vent breakage by expansion and contraction 
they should be bent as shown by Fig. 536. 
When cast-iron stacks are fixed the joints 




Fig. 63a 

should be as shown by Fig. 537. When the 
waste pipes are fixed outside the house lead is 
the best material to use, the joints being made 
telescopic, as shown by Fig. 534, to allow for 
the movement caused by hot water discharges. 
Opinions differ as to outside or inside being 
the best for waste pipes, but previous lectures 
having gone over the pros and cons we need 
not again cover the same ground. 
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A vexed question amongst experts is that of 
disconnecting the waste pipes from the drains. 
Experience leads one to the conclusion that the 
weight of evidence is in favour of disconnection. 
But to prevent smells emanating from the trap 
it should be of a small size, and the slop sinks 
should each have a flushing cistern which 
should be used each time slops are thrown 
down. The trap should not only be of a small 
size but so shaped that it is kept clean by 
usage, the contents frequently changed, and so 
deep that, when coming from a considerable 
height, the water will not boil up through the 
grating. Fig. 629 will convey to the reader an 
idea of what form such a trap should take. 
If the size of the main stack of waste pipe is 
3 in. the internal diameter of the body of the 
trap should not be any larger. The column of 
water coming down the waste pipe will exert a 
better cleansing force if it is not broken up or 
turned from the straight line of direction, 
hence the shape of the inlet arm at R which 
directs the water into the bottom of the trap 
where it can scour through into the drain, 
helping to keep that clean. The bottom end 
of the waste pipe being above the water in the 
trap, air can pass t bio ugh as shown by the arrow. 

Fig. 630 is an elevation of a part of a tier of 
four combined wash-up and slop sinks showing 
the waste and ventilation pipes. The traps 
have branch vents as shown in the figure, and 
are arranged similarly to those for w.a's. The 
mistake is often made of fixing these latter 
pipes much too small. When a pailful of slops, 
sometimes as much as four or five gallons, is 
thrown down a sink and passes away in four or 
five seconds, the air inside the waste pipe is 
driven out with great violence. Other air 



entering through the ventilation pipe has to 
travel at the same speed as that displaced. 
When the pipe is small the speed must be 
increased to get the same quantity through in 
the same amount of time. In doing this the 
friction is very much increased, resulting in an 
insufficient quantity entering, the remainder 
passing through the traps, pushing out the 
water and leaving them partly or wholly 
unsealed, to fill the partial vacuum inside. In 
everyday language we say that "the traps 
syphon." With very high stacks of waste 
pipe the water from the upper fittings forces 
the air before it, and some of this is driven 
through the lower traps, and we say that 
" the traps blow." To prevent either of these 
actions it is necessary to have the vent pipes of 
a good size, never less than the waste pipes, 
and in some cases much larger. We may say 
that the action is very similar to that which 
takes place in soil pipes when valve w.c. 
apparati are fixed, hence the necessity of 
having an ample supply of air through the 
ventilation pipes. 

In conclusion, it may be added that the 
height of the slop shoots should not exceed 
1 ft. 6 in., and the wash-up sinks 2 ft. 6 in., 
above the floor. No taps for filling toilet 
bottles should be fixed over a sink into which 
dirty water or bedroom slops are thrown. 

In hotels and clubs sinks should be fitted up in 
much the same way as for private mansions, the 
only details that we may allude to are that all 
such fittings should be of a fairly good size and 
very strong, as they are subjected to very hard 
usage. The sanitary arrangement of the pipes 
and system of trapping and ventilating being 
on the lines above laid down. 
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IN milk dairies and food larders particular 
attention should be paid to the sanitary 
arrangements, and ample provision made for the 
servants to keep the place and all the utensils 
quite clean. To impress the importance of this 
on readers, I may mention that an eminent 
doctor has been heard to say that contaminated 
milk is as much answerable for typhoid fever 
cases as are bad, or defective drains. Not that 
the cows give milk that is charged with typhoid 
germs, but its after exposure to insanitary con- 
ditions or retention in dirty utensils, or those 
washed in foul water, which leads to the pro- 
pagation and spread of the disease. This is not 
the place to explain all the troubles that arise 
from contaminated milk, but a few words upon 
how this most important article of diet is 



polluted may! strengthen the rules hereafter 
laid down for prevention. An unhealthy cow 
cannot possibly give pure milk, bat even a 
healthy animal has its udder fouled by contact 
with its own excrement, in which it frequently 
lies. In very rare cases indeed is the filth 
sponged or washed off the teats. The milker 
usually squeezes a little out of one teat into his 
or her hand, first one ,and then the other, to 
make them soft, and then lubricates the "dugs," 
softening them, so that the operation of milk- 
ing is rendered easier. Where several cows 
are being done the hands are dipped into the 
pail of milk for each succeeding one for the 
same purpose. Independently of any other 
reasons, the above is quite sufficient to prove 
the necessity of boiling all milk before drinking 
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it, and which rule is endorsed by all members 
■of the medical profession who have given any 
thought to the matter. The pails, too, should 
be frequently scalded, not simply washed with 
hot water but rather placed in a large vessel of 
boiling water or subjected to a steaming process. 
In many cases the milk pail is used also for water- 
ing the cattle, or in cottages for ordinary domestic 
purposes, and such usage should be strongly 
condemned. With regard to the places in 
which milk is kept, they should always be 
in a shaded position, cool, and well away from 
the influence of the sun's rays, and at the same 
time so arranged that frost can be excluded in 
the winter time. The floors should be of 
impervious material with hollowed fillets in the 
angles formed with the walls, as shown in 
Section, Figs. 515 and 633. In many milk 
larders the floors are paved with bricks or local 
stones in slabs. Such floors are almost invariably 
found to be in a dilapidated condition and pools 
of liquid, either milk or water, lying about. In 
many cases the jointing material has dis- 
appeared, and the spaces between the bricks or 
stones, and also the ground beneath, saturated 
with sour, foul smelling, matter. For present- 
ing a smart appearance tiles, laid in fancy 
patterns, are sometimes used for floors, but 
when the surfaces have become worn by 
traffic or pails, &c, they are to a certain extent 
porous. Spilt milk will soak into them, result- 
ing in an unpleasant, sour odour pervading the 
place. There is nothing better than good Port- 
land cement concrete, with trowelled surface, 
for dairy floors, and for ornament when desired, 
by varying the colour of the sand in the finish- 
ing coat, a border and centre to almost any 
pattern can be designed and executed. 

On no account whatever should a drain from 
the floor of a milk or any other larder be in 
direct communication with any sewage drain, 
and neither should there be any gulley trap 
inside the building. The floor should be 
slightly higher in the centre and laid to fall 
towards an open channel or gulley running all 
round the larder just beneath the front edge of 
the shelves. The channel should fall to one 
point and be continued through the outside 
wall to a gully trap some three or four feet 
away from the building. A hinged, galvanised 
iron grating to be fixed outside the wall- 
opening for keeping out rats and other 
vermin. When a trap is fixed beneath the 
floor it does not get washed out so often as it 
should. Spilt milk runs, and spare or sour 
milk is thrown, into the trap, where it will 
•decompose and give oft bad odours, or curdle 
into a solid mass and block up the waterway. 
The writer has found such traps defective or 
without water, and drain air escaping. Drains 
beneath the floor are frequently found in a leak- 
ing condition, and as they are rarely, if ever, 
ventilated, the least compression inside forces 
the air outwards through the defects. Hence 
Che wisdom of abolishing any underground 



channels and having them open on the surface 
where they can be scrubbed and kept clean. 
By having the trap outside and a few feet away 
from the building, any gases escaping would be 
diffused in the external air, and the risk of their 
getting near the milk very much reduced. 

The walls of a dairy should be built 
with white glazed bricks set in cement White 
tiles on ordinary brick walls are a good substi- 




Fig. 631. 

tute, but should be bedded in cement When 
plaster of Paris is used for that purpose the 
tiles will frequently fall down, being pushed 
away by the expansion of the plaster which 
swells when damp or wetted. Recently a 
patent tile has been manufactured with what 
may be called " dovetail " recesses in the back. 
When bedded in Portland cement it is im- 
possible for them to fall down, and they cannot 
be removed without destroying them. Fig. 
631 is a section of a portion of one tile, showing 
the keyed recesses at the back. 

The ventilation of a milk larder should 
always be carefully arranged; the principal 
points to be considered are as follows : — Wall 
openings on opposite sides are necessary to get 
a cross ventilation, but where this cannot be 
done inlets and outlets should be provided [and 
so arranged that there are no corners or places 
where the air is stagnant. Incoming air should 
be drawn from a pure source, and where this 
cannot be done, owing to the presence of a 
farm -yard, piggeries, middens, rubbish shoots, 
and such like surroundings, the site should be 
given up and a new one found. The writer has 
seen underground channels for the admission 
of fresh air, but these should be condemned, 
as it is vitiated when passing through. All 
windows and air inlet openings should be of a 
good size and covered with very fine mesh per- 
forated zinc, not only for keeping out flies and 
spiders, but dust matters floating in the air. 
Coarse canvas shutters are sometimes used, 
but these get so clogged with dust, which really 
shows their utility, that they arrest all ventila- 
tion unless they are constantly being taken 
down and cleaned or washed. To be thorough 
in our reasoning, it should be added that the 
air should be filtered before entering any milk 
larder or other place where food is kept. But 
such arrangements, when neglected, become so 
foul that the air passing through is rendered 
worse than it would be without them. 

The shelves for the milk pans should be made 
of an impervious material Wood and sand- 
stones are very unsuitable owing to their 
porosity. They also wear uneven by the move- 
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ment of the utensils. White or veined marble 
looks nice when new, but is too soft to with- 
stand hard wear. Very hard black marble and 
slate are good. All shelves should be fixed on 
cantilevers, cut and pinned into the walls, as 
shown in section, Fig. 632. The cantilevers 
being of the same material as the shelves. For 
keeping the milk cool in hot weather the shelves 
are sometimes made like shallow sinks, fixed to 
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Fig. 632. 
a slight fall to an outlet and have a small stream 
of water running in at the highest end From 
the outlet a waste-pipe is fixed for the water to 
run away, and a small trumpet-mouthed stand- 
pipe for retaining the water to a depth of £in. 
to 4 in. when so desired, as shown in section, 
Fig. 633. The waste-pipe should be made to 
discharge in the same manner as an overflow 
pipe from a cistern, excepting that it should 
empty at ground level. If the end was some dis- 
tance above the ground the water would splash 
about very much. An open channel, with a 
grating at surface level for keeping out leaves, 
connected to an interceptor trap a few feet 
away, as shown in the figure, is all that is 




Fig. 633. 

necessary, excepting when other waste-pipes 
empty into the same channel. In this latter 
case a trap should be fixed at S. 
A bib-cock with union on the nozzle and 



water supply should be fixed in the dairy so 
that a hose pipe could be attached for washing 
down the walls and pavement when necessary. 
The water should come from a pure source, and 
if a cistern is fixed it should not be in the same 
place where the milk is kept. For washing the 
utensils a sink is necessary, but this fitting 
should be in another room and not near the 
milk. 

A scullery should be constructed near the 
dairy in which all utensils can be cleansed. 
The necessary conveniences are a water supply, 
two sinks, and a copper for boiling water, the 
latter being o! a good size so that some of the 
smaller articles can be immersed in it. A 
draining board and rack are also required. 
The floor and walls should be of the same kind 
as was described for the dairy, the former being 
highest at the sides, with hollowed angles next 
to walls, and laid to fall to the centre. The 




Fig. 634. 

slope should not be too much, otherwise servants 
with iron shod boots or clogs would be liable to 
slip. A small size gully trap to be fixed at the 
lowest point, and a 4 m. drain from it to a 
second trap outside the building. For washing 
up purposes a very large tinned copper-lined 
deal sink should be provided, the details being 
similar to those for kitchen sculleries. A large 
size stoneware sink is useful for scouring certain 
utensils in, the trapping and waste pipe 
arrangements being on the same lines that was 
described further back. The copper should 
not be too high, otherwise the dairy maid or 
man could not reach over for placing the 
articles to be scalded in it or recovering them 
afterwards. A cock is necessary for drawing 
hot water into pails, and thus save the risk of 
being scalded when dipping. In more am- 
bitious establishments a boiler with cylinder 
and pipes could be arranged, and hot water 
drawn at the sinks instead of from the copper, 
or a steam boiler could be fixed for heating 
water and scalding the churns, pails, tubs, &c. 
A draining board with back and fillets is 
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necessary for standing milk pans on edge to 
drain and dry after cleansing. In many places 
such utensils are rinsed with cold water after 
being scalded, but where the water is far from 
being above suspicion the rinsing should be 
done with scalding hot water or not at all. For 
it is useless to sterilise anything: adhering to the 
sides of the various vessels and immediately 
afterwards cover them with something which 
would contaminate any milk with which they 
came into contact 

The fillets on the draining board are 
shown in section by Fig. 634, and the pans 



T are so placed that all steam can escape and 
water drain away. 

All cloths, the churns, and wooden articles 
used about the dairy and for butter making 
should, if possible, be placed in the sue after 
scalding to aid their thoroughly drying, and 
thus do away with the nasty sour smell that is 
usually noticeable as emanating from them. In 
conclusion, it may be stated that absolute 
cleanliness and a liberal use of boiling hot and 
cold water respectively is far preferable to re- 
sorting to disinfectants for keeping anything 
used in or about a milk dairy clean and fit for 
its purpose. 



HOUSEHOLD LAUNDRIES. 



IT is not my intention to deal with the large 
subject of laundries in general, but only 
those in connection with private houses and man- 
sions. And neither is it useful for our purpose 
to discuss the probability of certain diseases, 
scarlet fever as an example, being communi- 
cated from one family to another by the co- 
mingling of linen sent to be washed. Suffice it 
to say that in well organised establishments the 
risk is very small indeed, and that it is an open 
question if the sending of linen from a patient 
suffering from a contagious disease to a public 
laundry should not be made a penal offence. 

In private laundries there are many points 
that are of interest to plumbers and sanitary 
engineers. Dealing with the waste water first. 
Where the water is at all hard, and no proper 
provision is made for removing the bicarbonate 
of lime, which is the cause of the hardness, the 
soap used in washing will curdle to a large 
extent and foul the drains nearly as much as 
the grease from a scullery sink. The writer 
knew of a case where the subirrigation pipes of 
a small sewage farm were entirely choked 
with the soap, contained in the waste water 
from a small private laundry, in less than two 
years from the time they were laid in. A great 
deal can be caught by using a trap similar to 
the one shown by Fig. 261 in a previous 
lecture, but this requires frequent attention, 
and should only be used under special con- 
ditions. 

The floor of the washhouse should be made 
of impervious material, with hollowed angles 
next to walls, as was described for the milk 
dairy. Where washing and wringing machines 
are used provision has to be made for the 
waste water to run away. This is best done 
by forming channels in the floor and covering 
them at surface level with galvanised cast-iron 
gratings, as shown in section by Fig. 635. As 
the machines used are not always stationary a 



length of the grating can be temporarily re- 
moved if necessary, or the water can be allowed 
to dribble over it, although the former has the 
advantage in that splashing is avoided. The 
floor to be laid to fall to the grating, and the 
channel to empty into an intercepting trap fixed 
outside the wall of the building. Sometimes 
the trap is fixed inside to avoid a current of air 
passing inwards through the opening in the 
wall. The gratings can be removed for 
scrubbing and washing the channel should it 
become foul or dirty, and the latter should be 
formed with white enamelled stoneware half 
pipes embedded in concrete. 

The walls are best made of white or tinted 
glazed bricks which can be washed and always 




Fig. 635. 

present a clean appearance. At times there 
is a considerable quantity of condensed steam 
running down such walls, but this is better 
than having them plastered or limewhitecL In 
either of the latter cases a dilapidated appear* 
ance is presented by the crumbling of the 
plaster or the peeling off of the whitewash or 
distemper. 

Ample ventilation should be provided for 
taking off watery vapour or steam. Where a 
steamer or boiling copper is used a hood, with a 
ventilating flue, should be fixed over it. In 
several washhouses, without these latter pro- 
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visions, the steam is at times so dense that the 
maids cannot well see what they are doing, and 
their dresses become so saturated that there is no 
wonder they are often laid up suffering from 
colds or rheumatism. 

The material mostly used for washing-trays is 
white pine or deal. They are usually made 




Fig. 636. 

smaller in the bottom than at the top, and the 
advantage is that with a small quantity of water 
a good depth for immersing the clothes is 
obtained and there is a fair amount of elbow 
room at the top. The trays being tapering in 
shape, there would be some little difficulty in 
" dovetailing w the angles. Neither is this 
method good, owing to the swelling and shrink- 
ing of the wood being different across and with 
the grain, so that the angles would soon leak. 




Fig. 637. 

Fig. 636, is a view of an ordinary washing-tmy, 
showing the methods of jointing at the angles. 
Sometimes iron rods, or bolts and nuts are used 
to clamp the sides together, as shown in the 
figure, but as the heads project and catch the 
user's dress they have been objected to and 
ordinary carpenter's screws, made of brass, sub- 
stituted. In some cases deal fillets are fitted in 




the outside angles and screwed to the tray, as 
shown in the fragmentary section, Fig. 637; 
the fillets and angles being painted, or white 
lead and linseed oil used for making the joints 
water-tight The disadvantages of wooden 



washing-trays a^e many, and we may mention 
a few of them. The internal surfaces become 
disintegrated, and splinters of wood injure the 




Fig. 639, 

person's hands or articles being washed. When 
left unused for a few days the wood will some- 
times shrink to such an extent that the angles 
will leak. This is avoided by leaving the trays 
filled with water. The wooden utensils of a 
laundry almost invariably give oft a sickly, faint 
odour, and the older they are the more offensive 
smelling they become. The waste connection 
is generally fixed in a botched manner, ai 
shown in section by Fig. 638. The piece of 
lead waste pipe is tafted over onto the bottom 
of the tray, embedded in red or white lead 
cement and then nailed round the edges. The 
expansion and contraction of the metal will 
frequently work out the nails, thus showing 
their uselessness ; the cement becomes hard, 
brittle, and cracks, and the woodwork round 




Fig. 640 

the pipe, especially on the under side, in a 9tate 
of decay from being constantly wetted. A 
much stronger connection is made if a lead 
flange is first soldered to the pipe, as shown by 
dotted lines in the figure, as being under the 
sink. With this no nailing is necessary; the 
tafting of the pipe into a sinking cut in on the 
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upper side will make a watertight joint, if pro- 
perly done, without the use of any cement, and 
will allow tor a little expansion of the lead pipe 
and swelling of the wood, when wetted, without 
interfering with the soundness. 

Another mode of connecting the waste pipe 
is shown in section by Fig. 639. In everyday 
language this is called a brass, or gun metal, 
" washer and plug with fly nut and union," and 
is fixed in the same way as when attached to an 
earthenware or fireclay sink. The plug is 
shown sunken with the ring below the level of 
the sink bottom, so that it is not liable to be 
dragged out of the washer by the movement of 
the contents of the tub during washing opera- 
tions. In some cases a chain is attached to the 
ring to prevent its being lost, but this has been 



In some cases that the writer has come across 
the troughs appeared to have been made of 
wood by the estate carpenters, and although 
the workmanship was good, the arrangement 
could not be considered sanitary, as foul, black, 
evil-smelling matter has been found in such 
troughs. A short time ago the writer was test- 
ing the drains of a mansion in Cheshire, and 
smoke escaped out of each of the waste pipes, 
which were not trapped or disconnected, of a 
range of nine wash-trays, and also through the 
floor of the ironing-room, which was in a 
separate building. The drains and culverts 
were in a dreadful state, and received not only 
the house sewage but also waste water from 
laundry, milk dairy, and drainage from the 
stables, cow byres and piggeries. In this par- 




Fig. 641. 



objected to as it gets entangled in the clothes 
with the above result. It must be admitted, 
however, that without some protection such 
plugs are continually being lost. So-called 
locked plugs, as shown by Fig. 288 in my book, 
" Plumbing Practice," and here reproduced, 
see Fig. 640, are very suitable for some kinds of 
wash-basins, but are not quite satifactory for 
washing-trays. There are other methods for 
emptying such fittings, but there is room in 
the manufacturing market for some one to 
invent an improved fitting for the purpose. 

In many household laundries the waste pipes 
from the wash- trays empty into open troughs 
fixed beneath them, the water then running 
in:o a gully trap fixed for the purpose. Such 
arrangements are far from being satisfactory. 



ticular case there is little doubt that the house- 
hold and body linen was saturated with drain 
air in the interval between washing and 
removal into the mansion. To return to our 
subject of materials for wash-trays, Fig. 641 
shows a range of tubs of English make, fitted up 
on the so-called American pattern. The 
illustration is copied by permission from the 
manufacturer's catalogue. The accompanying 
description runs as follows : A set of three 
" Imperial " roll-rim wash tubs, glazed white 
inside, buff on roll-rim, with bronzed iron 
standards, marble or hardwood back, nickel 
plated taps, waste pipe and trap, rubber 
stoppers, chains and soap cup. The above is 
a suggestion for fitting up "Imperial" porce- 
lain roll-rim wash tubs in the American manner, 
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all the fittings being nickel-plated and exposed, 
so that the slightest fault or leakage is at once 
seen. 

As can be seen in the illustration, the tubs 
slope back on the front and allow room for the 
person's knees ; any water splashed over runs 
down onto the floor, which is made of impervi- 
ous material and dished to a fall. There are no 
corners in which filth can accumulate, or material 
which can absorb water or soap suds, to after- 
wards smell offensive. The taps are well out of 
the way and will not interfere with the usage of 
the tubs. The whole fitting appeals to one as 
being very good and free from sanitary defects, 
although there are one or two points in the 
waste pipe arrangement which do not quite agree 
with some of the writer's remarks in former 
lectures. Although three tubs are shown, a 
lesser or greater number can be fitted up as may 
be required. The tubs are made of fireclay. 

The waste pipes from laundry tubs, &c, should 
be trapped, ventilated and disconnected' from 
the drains as has been described for sinks and 
other fittings. The water supply, too, should be 
free from contamination. When clothes and 
linen are washed and scalded and thus rendered 
sanitarily clean, it is unwise to afterwards rinse 
them in water which, although clear and 



bright, may not be pure or free from contamina- 
tion. Rain water from dirty roofs, stored in 
tanks, which are very rarely cleaned out and 
lime whited, canno^ be considered as ideal or 
entirely suitable for the final stages in washing. 
And underground tanks with overflows con- 
nected to sewage drains are sometimes 
converted into cesspools, when a sewage 
blockage occurs. At a large convalescent 
home in the country, the writer attributed a 
serious outbreak of erysipelas to an under- 
ground rain water tank, which was found to 
have sewage running into it, and which sup- 
plied the laundry. Having now dealt with 
most of the plumbing and sanitary details ot 
private laundries— with the machinery and 
special appliances for washing we have nothing 
to do — we can change our subject There are 
a host of others which come under the heading 
of sanitary plumbing, but it has occurred to me 
that probably an entire change would be 
acceptable to readers, leaving further sanitary 
details for a future time. As problems in 
hydraulics and hydrostatics are constantly 
cropping up, and a knowledge of the sciences 
of those subjects is of great importance to the 
student plumber, we will devote a few lectures 
to their consideration. 



PHYSICAL PROPERTIES OF WATER. 



IT is first of all necessary to have some know- 
ledge of the physical, or natural, in distinc- 
tion to chemical, properties of water. We see it 
around us in many forms, such as clouds, dew, 
fog, hoar frost, rain and hail, as a liquid and as 
a solid. The liquid condition is that in which 
we are interested, although the solid state has 
points which will be dealt with so far as plum- 
bers' work is concerned. As a liquid we can 
pour it from one vessel to another, or convey it 
through pipes from one place to another, either 
by gravitation or forcing. Composed of particles 
held together by natural forces it cannot take 
any form of its own, but only of that of any 
vessel containing it. The particles are free to 
move in any direction, and do so when in- 
fluenced by any motive power. Water has 
weight; an empty pail does not weigh so much 
as one filled with water. A vessel which 
measures inside i ft each way in length, 
breadth and depth, has a capacity of i cubic 
foot, and this mass, if of fresh water, will weigh 
62j lbs., and contain 6J gallons. By simple 
division, we find that a gallon of fresh water 
weighs iolbs., and a pint ijlbs. For these 
weights to be correct the temperature of the 
water must be about 40 degs. Fahr. scale. If 



above or below this temperature the bulk or 
volume is expanded. As an example, if the 
above size vessel was filled with water at the 
temperature given, and then heat was applied 
until the water boiled, the temperature being 
then 212 degs. Fahr., expansion would take 
place, the surplus would flow over the sides of 
the vessel, and what was left would weigh some- 
thing about 60 lbs. or 2$ lbs. less than the, what 
may be termed, cold water. From this we find 
that the temperature ot the water has to be 
considered when making exact calculations as 
to its weight Plumbers may ignore this as it is 
very rarely indeed that they have to make such 
close calculations, and it is only mentioned here 
to show the influence of heat on water. In the 
above statement the term "fresh water," was 
used to distinguish it from sea or salt water, a 
cubic foot of which weighs about 64 lbs., and 
varies according to the amount of salt dissolved 
in it There are various ways for finding the 
relative weights ot liquids, and a very simple 
one is to have a piece of glass tube and bend it 
to a U-shape, or make a metal bend and attach 
glass tubes, as shown in Fig. 642. If one leg 
is filled with one kind of liquid and the other 
with another kind, of a different density or 
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weight, bulk for bulk, the lightest liquid will 
stand in the tube at the higher level. If sea 
and fresh water are being compared, it will be 
found that the sea water will support a column 
of fresh water at a higher level. Instead of the 
metal bend, a piece of indiarubber tube can be 
used, and by pinching it the waters will not mix 
when filling the tubes. 

Another instrument for comparing the rela- 
tive weights of liquids is termed a hydro- 
meter. One is shown by Fig. 643, and can be 
bought for about one or two shillings. The 
upper portion is a glass tube having a scale 
inside. At the bottom is an enlargement con- 
taining air to act as a float, and below that a 
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Fig. 642. 



Fig. 643. 



bulb containing mercury. The scale is divided 
and marked so that comparisons can be made. 
When immersed in a vessel of pure water it 
will sink to 1,000 on the scale. If a lump of 
salt is added to the water the hydrometer 
will be found to rise as the salt dissolves, thus 
practically demonstrating the difference in 
density of the two kinds of water. If oil or 
spirits are being compared the instrument will 
sink deeper than in water. 

Another physical property of water in its 
natural state is its inexpansibility and incom- 
pressibility. Although water can be expanded 
and compressed, it is to such a small extent 
that, so far as we are interested, it can be 
entirely ignored. At the present time we 
have many illustrations of the value of this 
property in the number of machines, cranes 
and similar appliances which are in everyday 



use and worked by water pumped into pipes by 
machinery some distance away. If water were 
an elastic fluid it could not be so easily utilised 
for this purpose. 

Water has inertia, that is, has no power ot 
motion in itself or power to stop when in 
motion. When we open a cock and allow 
water to flow out of a vessel or pipe the motion 
is caused by gravitation or the natural force by 
which the earth attracts all bodies to itself, and 
not by any power of its own. And, again, 
when we open a cock, attached to a length of 
pipe, for water to flow out and then suddenly 
close the cock a loud rattling noise is heard, 
and this is caused by the inertia ot the water 
being overcome by the walls of the pipe. To 
stop these noises we have to gradually check 
this inertia by the aid of an air vessel, the air 
in which acts as a buffer for the water to knock 
against, as stated in an earlier lecture. 

Water and all fluids always have their ex- 
posed surfaces in a state ot equilibrium or, as 
we say, level. That is, the surface of the water 
is at right angles to an imaginary line drawn to 
the centre of the earth. The surface is not a 
straight line as proved by the oceans which 
take the rotundity or roundness of the 
earth. Because of this equilibrium we can fill 
our cisterns from reservoirs at a distance, if 
they are level with or higher than the cisterns. 
Springs of water rise above the ground in the 
endeavour to be level with the source or 
reservoir from which they are fed. 

If a glass vessel is made as shown by Fig. 644 
and filled with water, the latter will be seen to 
stand level in all the connections no matter 
what shape they may be or how much they may 
hold, provided they are open at the top to let 




Fig. 644. 

out the air. If a number of cisterns are fixed 
on the same level, that is the tops of the 
cisterns, and coupled together, they would all 
fill to the same level, but if one or more are 
fixed lower then the others, the higher ones 
would only partially fill, the water rising to the 
same level as in those lower. When cisterns 
are fixed on the various floors of a house and 
fed from a tank on the roof, or a reservoir at a 
distance, a ball valve must be fixed to each 
cistern to shut off the supply, otherwise they 
would overflow or the water run to waste. 

Another physical property of water is its 
solidifying, or being converted into ice, on be- 
ing subjected to intense cold. At a temperature 
of 32 degs. Fahr. this phenomenon takes place. 
Pipes and other closed vessels are frequently 
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burst by the contained water freezing. On 
solidifying, the water expands from 8 to 10 per 
cent That is, ioo cubic inches of water will 
increase to about 1 10 inches on being converted 
into ice. If a lump of ice is placed in a vessel 
of water it will float We find this in water 
courses, lakes, seas, &c, during frosty weather. 
Bulk for bulk ice is the lightest, and we have an 
illustration of this in the floating icebergs in the 
Arctic seas. 

A physical phenomenon of water is capillarity 
or the power of rising in tubes with hair-like 
bores through them, and also in porous materials 
having interstices or small spaces no larger 
than hairs. If two pieces of glass about 4 or 
5 inches square are placed, with two of their 
edges touching, in a tray of water, as shown by 
Fig. no in an earlier lecture, the water will be 
found to rise between them, as shown by the 
curved line. Where the glasses are 1 -200th of 
an inch apart the water will rise to a height ot 
about 10 inches, i-iooth in. to 5 inches, and 



1 -50th in. to about 2 J inches. Water is often 
found to pass between the laps of lead on a 
roof by capillary attraction, and to rot the wood- 
work beneath. This was explained when 
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Fig. 645. 

writing on roof work. Another model, made of 
glass, to illustrate capillarity is shown by Fig. 
645. The tubes are progressively smaller and 
of the sizes given above. When demonstrating 
with this model it is advisable to tint the water 
with permanganate of potash or other colouring 
material, otherwise it is difficult to see in the 
smaller tubes. 



HYDROSTATICS, OR THE SCIENCE WHICH TREATS OF FLUIDS 



AT REST. 



WATER exerts pressure, that is, presses 
against the sides of any vessel containing 
it. And this pressure is in all directions, except* 
ing at any exposed surface, when it may be said 
to press against the air. The pressure of water 
is a known quantity, and depends upon the head 
or height of the column and not upon the bulk 
or volume. To make this clear we will first 
proceed to find out what pressure water really 
exerts. 

We have already said that a cubic foot of 
fresh water at a certain temperature weighs 
62} lbs. If we could cut up a cubic foot of 
water into strips 1 in. square and 1 ft long, on 
the lines shown by Fig. 646, we should find 
that each strip weighed '434 lbs. This is 
arrived at by dividing 62$ lbs. by 144 in. One 
of these strips placed on end would exert a 
pressure of '434 lbs. on 1 square inch of surface, 
but if the whole of them could be piled on end, 
one above the other, they would exert a pressure 
of 62$ lbs. on the same space. Before the water 
was cut up it exerted the same pressure, namely, 
62} lbs., but it was spread over an area of 1 
square foot, or 144 square inches. In our illus- 
tration we have dealt with water as it it had 
been a solid, and we must now go further and 
deal with it as a liquid. In the case of a solid, 
the pressure is in one direction only; in the case 
of a liquid it is in all directions. 

If we fill an open vessel, no matter what is 



the shape or form, with water, the latter will 
exert a pressure on the sides of the vessel and 
escape out of any opening or hole that is made 
below the surface. If thin pieces of indiarubber 
were fastened over the holes the pressure of 
water would cause the rubbers to expand or 
stretch. If all the rubbers had the same 
tenacity, and covered holes at the same dis- 
tance below the w-uer surface, they would 




stretch to the same extent, but if they were 
attached at different levels those near the 
bottom of the vessel would be subjected to a 
greater pressure and consequently would 
stretch more than the others. If we make a 
vessel of a certain depth and attach valves to 
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the openings made in the sides, as shown by 
Fig. 647, on filling the vessel with water it will 
be found to escape at all the valves, and to pre- 
vent such escape weights must be placed upon 
them. If the vessel is filled to the brim and 
the valve marked A has a flat surface exposed 
to the water of 1 square inch, and is fixed 1 ft. 
below the top, a weight equal to '434 lbs. would 
be necessary to make the valve balance the 
water pressure. Less than that weight would 
be useless, and a larger must be added if it is 
desired that no water shall escape. In the 
figure the dotted lines are supposed to be 1 ft. 
apart and are level with the undersides of the 
valves against which the water is pressing. By 
simple calculation we find the weight to balance 
the pressure on the underside of valve B must 
be 2 X '434, or *868 lbs., and so on for all the 
others. The last one, H, being 8 ft. below the 
surface, we have 8 x -434=3*472, or nearly 34 lbs. 
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Fig. 647. 

The connection to the last valve is near the 
bottom, but the head of water exerting pressure 
has to be measured above the surface pressed 
against 

Not only is this pressure exerted on the 
valves, but it is pushing against the sides of the 
vessel to the same degree. Taking the dotted 
line level with the valve A. This being 1 ft. 
below the surface, '434 lbs. are pressing against 
every square inch inside the vessel at that 
depth. If the vessel is 6 in. in diameter, and 
we multiply that by 3*1416, we get 18*85 in., 
nearly as the circumference. Multiply this by 
'434 and we find a belt round the vessel 1 in. 
wide and 1 ft below the surface has to resist a 
told pressure of 8 'i 8 lbs., although only '434 lbs. 
are pressing on each single inch of the belt. 
We may refer to this again when dealing with 
the bursting of pipes. 

If we take a piece of glass tube a few inches 
long, having one end ground perfectly true, 
place a disc of glass over the end and immerse 
it in a jar of water, as shown by Fig. 648, the 
disc will be held against the tube by the water 
beneath it, thus showing that water presses 
upwards. A piece of lead can be substituted 
for the glass disc, and held up by means of a 
piece of string through the centre until it is im- 
mersed in the jar of water. The tube can be 



moved up and down in the jar, and the disc will 
not fall off so long as the upward water pressure 
is in excess of the weight of the disc If the 
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Fig. 648. 

latter is made of lead Jin. thick, and the specific 
gravity is 11*4, it will be found to fall off the end 
of the tube if it is raised to within 1*425 inches,, 
or say 1 J in., of the water surface. Advantage 
is taken of upward water pressure in many 
ways. It is this property which raises the ball 
attached to the lever or stem of a ball cock or 
valve. 

A problem in water pressure was given in an 
eatlier lecture. See the text accompanying 
Fig 395- M we take a bent tube, as shown by 




Fig. 649. 

Fig. 649, fill it with water, and force a plunger 
into one end, the water will be forced out at the 
other. If a tight plunger or piston was placed 
in the other end of the tube, and loaded with 
a weight as shown at I, it would be lifted if 
sufficient power or force was applied to the 
piston at J, thus showing that the pressure can 
be transmitted to a distance either short or 
long, and irrespective of the course the connect- 
ing tube may take. 

If we have a vessel, as shown by Fig. 650,. 
filled with water, and one foot deep, the total 
pressure on the bottom, assuming it to be 144 
square inches in area, will be 62} lbs., but the 
pressure on each square inch will only be '434 
lbs. If the opening at the top is only just large 
enough for pouring in the water, and for making 
a rough calculation we assume that it is a point, 
we have a perfect cone. To find the weight of 
the contents we multiply the area of the base by 
one-third of the vertical height and by 62$. 
The area of the base being one square foot and 
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the heigat one lineal foot, we have I x£x62i= 
20'8 lbs., and we find this weight of water exert- 
ing a pressure on the bottom alone of 62} lbs. 

If we reverse the vessel, as shown by Fig. 
651, and assume that it holds the same quantity 
of water as the other, and the area of the base 
one square inch and depth one foot, we then 
have only '434 lbs pressing on the bottom against 





Fig. 650, 



Fig. 651. 



62} lbs. in the other example, the total weight 
of water being the same in both cases. 

To find the total pressure inside the vessels, 
assume that each vessel is a right cone, the 
small end in each case being a point. Before 
making the calculation we must first find the 
length of the slant side. This can be done by 
setting out the figure on the drawing board and 
measuring the length. We will do it mathe- 
matically, the rule being based on the axiom, 
the square root of the sum of the squares ot a 
right angled triangle is the length of the hypo- 
tenuse or slant side. If the area of the base of 
Fig. 650 is 144 square inches the diameter of 
the circle will be found by multiplying the 
square root of 144, which is 12 x 1*1283, and this 
equals 13*54 nearly. A vertical line drawn from 
the apex of the cone to the base, as shown by 
dotted lines Fig. 650, would form one side of a 
right angled triangle and be 12 in. long. From 
the bottom of this line to the outer edge ot the 
cone would measure half the diameter of the 
base and would form the other side of the 
triangle, and 13*54 -5-2 =677. 

Then 677*= 45^33 
and 12*00*= 144000 

189*33 



And /i 89*833= 1377 in. as length of slant side. 

To find the circumference of the base multi- 
ply the diameter by 3*1416. Then 13*54 x 
3*i4i6=42*5372-5-2 = 2i*2686 half the circumfer- 
ence, and x 1377 length ot slant side =293 
square inches nearly, as area of sides. 

Although this is the area of the side surface 
pressed against, the amount of pressure cannot 
be found by multiplying that by a mean of the 
pressure, which is half '434 lbs. per square 
inch. To illustrate this we can multiply the 
area by the mean of pressure, and in doing so 
we find that 293 square inches x '217 lbs. =63*58 
lbs. as the total pressure on the sides This is 
not so, and to make a more correct calculation, 
although it is not exactly right, we can divide 
the sides of the cone into belts of 1 in. wide, 



calculate the pressure at each inch in depth 
and multiply by the circumference at such 
depth. If Fig. 650 is worked out on these lines 
we find that there is an internal pressure on the 
sides alone of over 80 lbs. This added to the 
bottom pressure of 62$ lbs. gives a total of 142} 
as the sum of the lbs. pressing against all the 
sides with which the water is in contact If 
Fig. 651 is worked out by the same rule we 
shall find that the total pressure is consider- 
ably below that in Fig. 650, but it is unneces- 
sary to do so here. In either case the total 
weight of water remains the same, namely, 
20-8 lbs. 

The student will see from this that weight of 
water and pressure of water are two distinct 
factors, and also the importance of not confusing 
them together. Plumbers are very interested 
in this subject as it has a bearing on many 
parts of their work. The strengthening of cis- 
tern sides was dealt with in the lecture referred 
to above. There is also the question of kitchen 
boilers, hot water cylinders, water pipes, &c, 
which must be made strong enough to resist 
internal pressure when filled with water from a 
cistern fixed at a higher level. Not only must 
such fittings be made of good materials and of 
a good thickness, but their shape or form have 
to be considered.* As an example, which can 
be verified by any plumber who has a force 
pump at his disposal, a lead pipe, square in 
cross section, is converted into a round pipe by 
subjecting it to an internal water pressure. 
Fig. 652 shows by thick lines the section of a 
square pipe, and by thin lines the form it takes 
when subjected to such a test The writer has 




Fjg. 652. 

several times had a piece of lead soil pipe, 
bossed up the ends, then jumped upon it with 
his feet until it was nearly flattened, and then 
made it resume its original shape by pumping 
water into it through a half-inch pipe connected 
to a force pump. 

Our last remarks pointed to the conclusion 
that vessels or pipes of a cylindrical shape are 
stronger, for holding water, than any other 
forms. 

At this stage it may be considered convenient 
to deal with the strength or thickness of the 
materials used for holding or conveying water 
under pressure. To begin with, we must first 
know something of the strength of materials 
and what weight a given thickness or substance 
will sustain without breaking. Professor Perry 
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in his book "Practical Mechanics"* gives a 
table in which the breaking stress in pounds per 
squaie inch of 

Lead is 1,900 

Tin M 4,700 

Copper „ 33,000 

Wrought Iron „ 50,700 

Cast Iron „ 17,500 

From this table we learn that bars of the 

metals having one square inch of sectional area 

break when subjected to the above strains. As 

metals vary very much in their quality we may 

assume the above to be a lair average, and near 

enough for us to take as a basts for calculations. 

But we do not want our materials to break, we 

want them to resist any strain that may be 

brought to bear, and have to allow a margin for 

safe working, and the safe working strength 

varies from $th to |th the breaking strength. If 

we divide the above breaking stresses by four 

we then have 

Lead 475 

Tin 1,175 

Copper 8,250 

Wrought Iron ... 12,67s 
Cast Iron ... 4,375 

and these can, in most cases, be used for calcu- 
lating the thicknesses of the sides of cylindrical 
pipes or vessels. 

We next have to consider how the pressure 
acts inside those fittings. From what we have 
said before we know that the pressure is equal 
on all sides, as shown by die darts in Fig. 053. 




Fig 653. 

But the molecules of water are pressing not 
only against the sides but against each other, so 
that the tendency is not only to push out the sides 
but to tear them asunder, as shown by Fig. 654. 
If we assume that the water is so tightly packed 
in the two halves of the pipe as to approach a 
solid in its density, and that a force is applied to 
thrust the two halves apart, as shown in the 
figure, we can the better grasp the principles 
which guide us in arriving at the strength of 

• Published by Caoell a Co. 
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the materials necessary to resist the action. If 
we take the surface of the water as being 1 in. 
wide x the length, equal to the diameter of the 
pipe, that will give us the area of the surface 
pressed against in one inch in length of the 
pipe. This multiplied by the pressure in lbs. 
~>er square inch will give the amount of force to 
e resisted by the sides. 

We may work out an example with a 2 in. 
lead pipe and a pressure of 100 lbs. per square 
inch. Then 2 in. x 1 in. x 100 lbs. = 200 lbs. 
total pressure. On referring to the table we find 
the safe working strength of lead is 475 lbs. per 
square inch, and by rule of three as 475 lbs. : 

1 in. : : 200 lbs. : 0*421 in. This being the total 
pressure on K and L in Fig. 654. Then ^ai-f- 

2 = '2 10 in. as the thickness at K and L 
respectively. 

If we take another example of a 6 in. lead 
pipe under the same pressure we have 
6 Jii x i oo = 6oo =i ilLs 

475 475 . , . a . 

thickness of side of a lead pipe 6 in. diameter 
for conveying water under a pressure of 100 lbs. 
per square inch. 

If the last pipe was made of cast iron we 
should have 

a 0*137 -r 2 — 1069 in. nearly. 

4375 J 

In this case we have a very different material to 
lead to deal with. Although the thickness 
worked out would probably be safe for using 




Fig. 654. 

under the pressure given it would not do for 
general use. The joints could not be properly 
caulked owing to the weakness of the sockets, 
the evenness of the casting could not be 
depended upon, and the position, if underground, 
such that there would be a liability to fracture 
especially where wheeled traffic passed over. 
Water hammer caused by the sudden closing of 
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a cock sometimes increases the normal pressure 
four or five times. The thickness of such pipes 
should not be less than '42 in., and should be 
still further increased for greater pressures. 

As a further example we may take a copper 
hot water cylinder. Assuming it to be 20 in. in 
diameter and is kept filled with water from a 
cistern 60 ft. above. Then 60 x '434 = 26x54 lbs. 
pressure on each square in. exerted by the 
water. On referring to the table we find the safe 
working strain on copper is 8250 lbs. per square 
inch, and for the thickness of the material for 
a cylinder we have 
20x1x26*04 520*8 *-.,_. 
82I0— ^" = feo =s106 3iwhich^2 = -03i5in. 

or say 3-64th of an inch. In this case, too, we 
have to take other factors into consideration. A 
cylinder made of sheet copper of the above 
size and thickness would resist the bursting 
pressure given, but would not be strong enough 
to support its own weight and the contained 
water. 

When cylinders have rivetted seams the metal 
should be thicker than would be actually 
necessary if they could be made out of a solid 
drawn tube without seams. We have also to 
consider the connections and the strain upon 
them by the movement of the pipe attachments. 
The metal, too, loses some portion of its 
strength when heated. For these reasons 
copper hot water cylinders are not usually made 
of lesser thickness than twice the above, and 
for best work much thicker metal is used. For 
greater heads the thickness should be 
increased still more. 

When dealing with wrought iron as a material 
for hot water cylinders, the safe strength given 
in the table would not be at all adequate, the 
metal being subjected to the corrosive action 
of water. It is not usual to use plain iron for 
this purpose, not only because of theabove action, 
but also on account of the discolouration of the 
water with iron rust Even galvanising the iron 
is not always a protection. In one of the 
writer's experiences the zinc coating of the 
cylinder and circulation pipes entirely dis- 
appeared in about one year from fixing. In 
such cases copper is the best material to use, 
but in London galvanised iron answers fairly 
well. The statement is sometimes made that 
galvanising iron does not injure it or lower its 
tenacity. But experiences in working pipes so 
protected leads the writer to think that it does 
sometimes injure the pipes, or the latter are 
made of inferior iron when intended to be so 
treated. 

At all events, when calculating the strength 
o% such pipes and cylinders, 1 consider a margin 
should be allowed for deterioration by galvanis- 
ing. To find the thickness of. galvanised 
wrought iron for a cylinder of the same size and 
to resist the same pressure as the last one, we 
may make an allowance on the breaking stress 
given in the table and divide it by 5 instead of 
4, which will give as 10140 instead of 12675 as 



in the second, or safe working, table. Working 

on this we have 

20 in. x 1 in. x 26*04 lbs. 520*8 

- « = -0513—2 = 

10140 10140 D J 

•0257 in. nearly, or about i-32nd of an inch. In 
practice galvanised hot water cylinders are 
never used so light as this for the same reasons 
that were given for those made of copper. The 
writer has never used less than } in. plate, and 
frequently, for best work, 3-1 6th in. and £in. 
plate. 

When we come to deal with any of the above 
materials in the form of rectangular cylinders 
or boilers having flat sides, the thicknesses 
have to be considerably increased, as not only 
tenacity, but stiffness has to be considered. 
With boilers, the side next the fire is not only 
subjected to a corrosive action of the fire, but 
also to being bruised when throwing in the fuel, 
or by the tools used when stoking. For these 
uses the materials should be double the thick- 
ness of those for round cylinders, and in some 




H 



a 

Fig. 655. 

cases treble the thickness would not be too much* 
where really good, substantial work is desired 
Having so far dealt with strength of materials- 
to resist water pressure, we will refer to a few 
problems to further illustrate our subject A 
great many people find a difficulty in under- 
standing that head of water, and not size of 
pipe, has to be considered when deciding upon, 
the strength necessary for a kitchen boiler. 
This is especially referred to because of the 
number of questions submitted by students to 
teachers on the subject Briefly put, the ques- 
tion submitted is : •• Would a boiler filled with 
a (in. pipe (as shown at M, Fig. 655) be sub- 
jected to the same pressure as if a 6 in. pipe 
were used as at N, assuming that the boilers, 
are at the same level and fed from the same 
cistern ?" The same problem in another form. 
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is generally spoken of as the Hydrostatic Para- 
dox, and illustrated in text books by a large 
and small pipe being connected at the bottom 
ends in the form of a U. On being filled with 
water it will be found to stand at the same level 
in both pipes, although the water in one may 
weigh several pounds, and in the other only a 
few ounces, thus showing that the larger and 
smaller volumes balance each other, and the 
smaller is not pushed to a higher level than the 
other. From this we learn that the pressure of 
a fluid upon any surface depends upon the area of 
the surface pressed against and the perpendicu- 
lar height of the fluid, and not upon the bulk of 
the fluid. In the case of the boilers, Fig. 655, the 
pressure per square inch is the same in both. 
If the cistern was taken away and the pipes M 
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Fig. 656. 



and N continued to the dotted line, which is 
supposed to be the water level in the cistern, 
and filled with water by means of a jug or can, 
the pressure inside the boiler would be exactly 
the same as at first As a further illustration, 
we may explain the principle of what is known 
as the " Hydrostatic Bellows." Assuming that 
O, Fig. 656, consists of two discs of wood or 
other solid material, joined at the edges with 
leather or other flexible material, strong enough 
to resist being torn by an internal water pres- 
sure, and having a pipe attached, as at P. For 
every foot in vertical height of P, a pressure of 
•434 lbs. on each square inch of the inner sur 
faces of the bellows is exerted when the whole 
is filled with water. If the inside area of the 
disc forming the upper part of the bellows 
is equal to 100 square inches and the pipe P is 
10 ft. high, the diameter of the pipe being J in. f 
or any other size, as this makes no difference in 
the result, the weights Q Q would be lifted if 



they did not exceed 434 lbs. This we find by 
the rules. Area of disc x lbs. pressure on each 
square inch. Then 10 x -434=4*34 lbs. pres- 
sure per square inch. And 100 square inches 
x 4*34 ==434 lbs. representing the weights Q Q, 
which just balance the pressure exerted. By 
having the pipe P of a small size and the top 
and bottom of the bellows almost touching when 
empty, the whole quantity of water used would 
probably amount to only a few pints, and as 
each pint weighs i±lbs.,it can be readily under- 
stood why the problem should be looked upon 
as being paradoxical 

Where water is supplied from a reservoir at a 
very high level the pressure can be, and is 
sometimes, utilised for some useful purpose. 
Taking Fig. 656 as an example. If a strong 
frame was constructed over the bellows, as 
shown by dotted lines, and the weights removed, 
a hydraulic press would be formed, and could be 
use for compressing goods for packing. Such 
presses are used in shipping warehouses where 
large bales of goods are reduced in bulk for 
carriage or shipment Trusses of hay and straw 
can be reduced in size by the same means. 
For work of this kind the flexible material used 
in the manufacture of the bellows would not be 
strong enough to resist a great pressure, and in 
addition, would soon wear out by constant use, 
or become weakened by the decay of the 
material. For these reasons presses are usually 
made of very strong materials, or metals, and 
mechanical appliances used for generating the 
water pressure where that from a reservoir is not 
available or is insufficient 

Water pressure is utilised by the plumber, or 
lead burner, for the supply of air when using the 
aero-hydrogen blow-pipe for joining lead 
together. One example of this machine was 
illustrated in an earlier lecture (see Fig. 11). 
That used by the students at the Polytechnic 
school of plumbing is shown in section by Fig. 
657. The outer case is round on plan and 
made of galvanised sheet iron, or stout zinc, 
and has a division, R, with a pipe, S, continued 
nearly to the bottom of the case. Water 
poured into the opening, T, runs down the pipe 
and compresses the contained air in the lower 
half of the machine. To this is attached a 
small pet cock, U, and an indiarubber tube 
from the latter leads to the breeches piece of 
the flam or jet used for lead burning. When 
all the air has been used more is forced in by 
the double acting pump, V, which is attached to 
the side of the machine. On pumping in more 
air the water is forced out of the lower into the 
upper half, as shown in the figure, and thus 
exerts a pressure on the confined air, which is 
sufficient for the purpose of the plumber and 
the work he has to do. The machine is some- 
times called a "water bellows" and is much 
better than the old-fashioned air bellows in that 
the pressure is more constant and even, and a 
steadier flame can be obtained. There is also 
less liability of any hydrogen gas being sucked 
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into the bellows through any defect which may 
arise in the valves or manipulation of the cocks, 
but does not do away with the necessity for 
closing the latter when ceasing working. 




Fig. 657. 

By the aid of machinery water can be made 
to exert a pressure which is only limited by the 
strength of the materials used for the purpose 
of confining it A very good illustration of this 
is found in the modern lead pipe-making 
machine. In this the initial pressure is multi- 
plied to an enormous extent The pumps for 
generating the pressure are called "force- 
pumps," and have solid plungers or pistons 
For pipe making it is important that the 
hydraulic pressure should be constant and 
even, and to this end it is usual to have three 
pumps worked from the same shaft, the cranks 
on which are reciprocal to each other. By this 
means one of the three pumps is always forcing 
water into the pipe leading to the press. A 
lesser number would not act so well, as the 
issuing stream would vary according to the 
position of the stroke. With ordinary pumps 
an air vessel would be used to get a more 
constant and even delivery, but in the case we 
are dealing with such an attachment would not 
work well, even if made strong enough to with- 
stand the pressure. The construction and 
power of pumps will be described under our 
next heading of "Hydraulics," and we will 
confine ourselves for the present to the power 
exerted in a lead pipe press or machine. 

In one large works, visited by the writer and 
students attending his classes, it was noticed 
that the pressure on the service to the machine, 
as registered on the gauge, was 2,240 lbs, or 
1 ton on the square inch. One of the pipe 
presses was of the shape shown by Fig. 658. 
At W, is an opening through which the lead is 



forced in the form of a pipe, a pit being below 
for its escape; X is a massive iron casing into 
which lead is run from an adjoining melting 
pot; Y is a piston or plunger 6 in. diameter, 
and Z is a copper or gun-metal ram, 18 in. in 
diameter, forced downwards by the hydraulic 
pressure of 1 ton on the square inch, as above 
mentioned, the force being exerted on the end 
A. To find the total pressure on this end we 
use the rule, area of end of ram in inches x 
pressure per square inch = total pressure. 
To find the area, square the diameter and 
x 7854. Then 18 in. a x 7854=254*4696 square 
inches, and this x 1 ton pressure per square 
inch =254*4696 tons forcing the ram down- 
wards. This force is exerted in pushing the 
lead out of the die W, and if we divide it by the 
area of the end of the piston we find that 
6 in. 2 x 7854 =28*2744 square inches and 
254*4696-^-28*2744=9 tons, as representing the 
pressure on each square inch of the end of the 
piston pushing the lead downwards. This 
shows one method by which a low pressure of 
water can be made to exert one much higher. 
The problem was worked out as above to make 
the matter clear. A shorter method would be 
to divide the area of the end of the lower piston 
into that of the upper, as follows :— i8 , -r-6* = 
324-7-36=9, this representing the number of 
times the pressure per square inch on the upper 
surface is increased on that ot the lower one. 

If the engines and pumps were kept working 
when the pipe press was not being used, the 
resistance would either stop the pumps or some 
part of the machinery would burst or otherwise 
break down. To prevent this catastrophe, a 
safety valve, very similar to that in steam 
boilers, is attached to the delivery pipe from the 
pumps. Should the water pressure become 
excessive the safety valve opens and affords 
relief, In some works the — what we have 
termed— safety valve is connected by means of 
gearing to a throttle valve on the steam pipe to 
the pumps, so that the steam is automatically 
shut off and the pumps stopped whenever the 
pressure in the water pipes is more than neces- 
sary or runs up too high owing to the stopping 
of the pipe press or any other cause. 

Mention has been made of the importance of 
the pressure on the ram of a pipe machine 
being constant and even. Because of this, and 
also to conserve and store up any energy that 
would otherwise be wasted, an arrangement 
known as an " accumulator," is attached to the 
pipe from the pumps to the lead pipe press. 
This is shown on the left hand side ot Fig. 658. 
If the man at the machine has occasion to 
cease working, he turns off the cock at B, and 
the pressure is then expended in pushing up . 
the piston, C, in the cylinder. On the top of the 
piston is a frame, or head piece, D, from which 
is suspended a box loaded with stone or other 
weighty material, E E, with guide posts for 
preventing swaying from side to side and 
straining the piston. The load is proportional 
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to the area of the piston end As an example, 
if the water pressure in the pipe, F, is 
equal to 1 ton on the square inch and the area 
of the piston end 20 square inches the load 
would be 20 in. xi ton = 20 tons of stones or 
weights suspended fiom D. By the use of an 
accumulator the pressure in the water pipe is 
kept constant. If the pumps were stopped for 
a short time for any necessary purpose, and the 
accumulator was fully charged, the pipe press 
could be kept working until the stored energy 
was exhausted. In any of the above calcula- 



including one for making lead pipes. Fig. 659 
is a sketch repeated from my book " Plumbing 
Practice," and which was originally copied 
from Mr. Bramah's specification for the patent 
Little description is necessary, beyond referring 
to the various parts. It will be noticed that 
lead is forced out of the die by the pressure of 
the piston actuated by a lever. The parts are 
as follows : A A is an iron melting pot ; B an 
iron or brass pump ; C a suction valve ; D the 
mould or die ; £ the core or mandrel ; F the 
fire ; G G are flues ; and H is the pipe as it 




Fig. 658. 



tions no allowance has been made for friction, 
or weight of piston and other parts, as it is not 
necessary for our purpose of explaining what 
hydraulic pressure means. 

The hydraulic press is known to many as, 
and is frequently called, " Bramah's * press. 
What has been described above in the pipe 
making machine, and in reference to Fig. 656, 
explains the principles, but it may be interest- 
ing to refer to another use to which Mr. 
Bramah applied the same machinery. In 1797 
he took out a patent for various inventions, 



issues from the nozzle of the mould. The 
whole machine being really a very strong pump 
for forcing liquified lead out of an opening in 
1 he form of a pipe or tube. There are some 
doubts as to Mr. Bramah's being able to make 
lead pipes by this machine, but it is a good 
example for illustrating the power we have been 
dealing with. 

During the last few years a great many lifts 
have been fixed for rais-ng goods from floor to 
floor in warehouses, and passengers in hotels, 
&c Fig. 660 is an illustration of one kind of 
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lift, the guides and safety appliances being 
omitted The parts are as follows : E is a 
cage or box for goods or passengers ; F is a 
piston which slides in a tube or cylinder, G, 
sunk in a boring in the ground and suspended 
on trunnions or arms, H ; I is a counter- 
balance with chain or wire cable over loose 
pulleys, J J, to the cage ; and K is a specially 
constructed valve with wheel head and actuated 
by the ropes, LL On pulling one of the ropes 




Fig. 659. 

the valve is opened, water under pressure 
passes into the cylinder and forces up the 
piston. On pulling the other rope the valve 
shuts off the water and the motion of the lift is 
stopped. On further pulling the rope the valve 
is opened to allow the imprisoned water in the 
cylinder to escape and the lift to lower. The 
counterbalance is not quite equal to the weight 
of the cage and piston. If the former is too 
heavy, the latter would not lower when un- 
loaded. To find the hydraulic pressure neces- 
sary for raising a load in the cage, we must first 
know what the maximum load will be. If we 
assume that it is half a ton, and the difference 
in weight of cage and piston and the counter- 
balance 5 cwt. in favour of the former, we then 
have to deal with a total weight of J ton or 
1,680 lbs. If the piston is 4 in. in diameter we 
find the area thus: 4* x 7854= 12*5664 square 
inches. If we divide the 1,680 lbs. by 12-5664 
square inches we find that 133*6 lbs. hydraulic 
pressure per square inch must be exerted from 
the main pipe or pumps to push up the piston, 
F, and the loaded cage, E. 

In some cases where the pressure from an 
ordinary water company's main is fairly regular, 
but does not exceed 40 lbs. or 50 lbs. per square 



inch, it can be utilised for a lift constructed on 
the same lines as Fig. 660, but the size of the 
piston must be increased. As an example, if 
the load to be lifted is 1,680 lbs., as in the last 
case, and the pressure from the main is only 
40 lbs. per square inch, what should be the 
diameter of the piston shaft ? The weight of 
1,680 lbs. -T- 40 lbs. pressure per square inch = 
402, the number of inches in the end of the 
piston. The square root of this x 1*1283 will 
give the diameter of the piston, and 

^402= 20*05 nearly x 1*1283=22! in. 
A piston of this diameter would be very 
heavy, even if hollow, and the counterbalance 
of such a weight that it would require a massive 




Fig. 66a 

framework to support it Theoretically, such 
a lift could be constructed and would work, but 
it is not one that would be adopted in general 
practice. Small ones for light loads, such as 
dinner lifts, are frequently fixed in mansions, 
but as they are rather slow in action ordinary 
hand hoists are more common for such pur- 
poses. Hydraulic lifts worked from water 
company's mains are sometimes used in banks 
in London for hoistmg books from the strong 
rooms to the offices, and in warehouses for 
goods from basement to ground floor. 
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Another kind of lift is much used where the 
water head is sufficient to work it, such as from 
a high pressure hydraulic main, for hoisting 
and many other purposes. Fig. 66 1 is an illus- 
tration of a lift raised by means of a chain or 




Fig. 66i. 

wire cable wound round pulley wheels fixed at 
the ends ot a piston and cylinder respectively. 
Hyraulic pressure inside the cylinder forces 
the piston out and the pulley wheels further 
apart, thus shortening the hoisting part and 
raising the load. By this application of water 
pressure speed is gained at the expense of loss 
of power. The working parts are as follows : 
M is the cage or load ; N N are pulley wheels ; 
O is the chain or wire cable ; P is the piston ; 
Q the cylinder ; R the counterbalance pulleys ; 
and S the weight. Before we can work out the 
water pressure necessary to raise a given load 
we shall find it an advantage to spend a short 
time on the power gained by multiplication* of 
pulleys. 

This is not the time to deal extensively with 
the mechanical powers, and we will confine 
ourselves to what plumbers call a "double 
reeved block and fall,* as ordinarily used for 
hoisting. Let Fig. 662 represent the appliance, 
W being a weight to be lifted, and P the power 
applied to raise it. The rule in mechanics for 
finding the power is to divide the weight by the 
number of cords passing over or round movable 
sheaves. In our case we have two moving up- 



wards and two downwards, the loose end lead- 
ing to P being only equal to that leading up to 
the block, or four in all. If W weighed 400 lbs. 
and we divide that by four, the number ot cords, 
we have 100 lbs., and that represents the 
weight or power at P to balance W. If we 
were to take friction, and the stiffness* and 
condition of the ropes, into consideration, we 
should have to make an allowance for that 
and add about one-sixth to one third of the 
weight to P when dealing with such appliances 
in the condition as when used on buildings. 
When P is heavy enough to raise W, the latter 
will travel at one-fourth the speed of P and pass 
through one-fourth the distance. 

If we reverse the problem we find that W 
will raise nearly one-fourth its own weight at 



Fig. 662. 

P, which would travel four times the distance at 
four times the speed. 

This being clearly understood we can now 
the better deal with the lift or hoist shown by 
Fig. 661, and work out a problem. 

If we assume that M represents a load of one 
ton, then a pull of one ton must be exerted on 
the chain or cable O, which passes four times 
round the pulleys of the hydraulic cylinder, 
this being bolted or anchored down to resist 
being lifted by the strain on O. If we know 
the pressure of the water supply to the cylinder 
we can then calculate the required area of the 
ram or piston end, or vice versa. If the pres- 
sure equals 500 lbs. on the square inch and we 
divide that into M, we first get 4 tons =8,960 lbs., 
and divide this by 500= 18 nearly square inches 
and /18 x 1*1283=4787 or just over4i in. as the 
diameter of the piston P. I( as another 
example, we had a piston 6 in. in diameter to 
work the same load we should have 6 s x 7854 = 
28*2744 square inches, and divide this into 
8960=317 nearly lbs. of water pressure on the 
square inch to balance the load of One ton 
at M. 
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Or if we have a 5 in. piston and 600 lbs. pres- 
sure on the square inch we get 5* x 7854 x 
6oolbs. = 11,781 lbs., or 5 tons 5cwt. oqr. 21 lbs. 
as a power at P, which -7- by 4, the number of 
cords would be equal to 1 ton 6 cwt. 1 qr. 5 lbs. 
or the weight supported at M. 

ln % the above examples the load and power 
have been worked out to balance each other, 
but to do useful work the power must always 
exceed the work to be done. In addition an 
allowance has to be made lor friction and 
weight of working parts. The examples taken 
were not intended to illustrate hydraulic 
machinery, but, as before explained, to help 
the student to a clear understanding as to what 
hydraulic pressure really means and its applica- 
tion to some useful purpose. 

It will further help our purpose to refer to the 
action of the same force in nature. One of the 
commonest examples is what is known as "land 
slips." Any one who travels much on some of 
our railways has no doubt some time or other 
noticed when passing through cuttings that the 
banks have slipped in. This has frequently 
been caused by an accumulation of water, in 
the land, which has destroyed the tenacity of 
the earth or exerted sufficient pressure to force 
away a slice. On many lines very strong brick 
ot stone walls with buttresses have been con- 
structed for the purpose of preventing such 
slips, but a careful observer will have noticed 
that small drain pipes have been built in the 
walls, so that if any water should accumulate 
behind them it would find an outlet and drain 
away. But for these provisions they would be 
pushed away, unless they were built, much 
stronger, in which case they would cost con- 
siderably more. 

Cliffs, near the sea, which are waterlogged, 
are frequently pushed away from the main land 
by the same force. 

Many of our hills have probably from time to 
time had pieces pushed off in the same way. 
Fig. 663 will help to explain how the action may 
occur. Assuming it to represent a large hill or 
a mountain. Some parts being covered with 
trees, the roots of which help to bind the sur- 
face together, very little action takes place, but 
on those parts which are exposed to heavy 
rainfalls and have a very porous surface, the 
water soaks in and the ground becomes so 
charged that it may be looked upon as an 
underground reservoir. The horizontal dotted 



lines are intended to show water saturated land 
Springs are frequently found on the sides of 
such hills, and as these springs discharge water, 




Fig. 663. 

sometimes several months after any rainfall, it 
must come from somewhere, and that place is 
the hill itseli If the ground on the top of the 
hill is of an open absorbent nature, and the 
base not so, an enormous hydraulic pressure is 
exerted inside, or beneath the ground surface 
whenever it gets waterlogged and the water 
cannot get vent in the form of springs or some 
other way. The writer knows of places in his 
native county where large fields ot grass land, 
several acres in extent, have some portion or 
other of their parts constantly sliding down- 
wards. If the student cares to take the trouble 
he can calculate the number of tons of hydraulic 
pressure exerted beneath the surface of an acre 
of land with only one foot head of water con- 
fined beneath. 

In the case of a mountain, as shown by Fi<*. 
663, where rocks or stone form a portion as at 
T T, and the water cannot escape freely at the 
lower level as it is absorbed in the upper, an 
enormous volume accumulates and thrusts out- 
wards at all parts. Should these rocks have 
cracks on the surface and any water get into 
them, the latter, when frozen, would expand and 
thus enlarge the cracks. Repetition year after 
year would so weaken the whole, or a consider- 
able portion, that the pent up water would be 
sufficiently powerful to thrust away a large 
piece of the mountain, as shown by the pro- 
jecting pieces on the left side of the figure. It 
is true in nature some of these pieces are not 
thrust away as explained above, but are cut off, 
so to speak, by small streamlets, which wear 
away any soft parts and give the appearance 
shown. Some kinds of soil, as sand, " flow n 
with running water. Nevertheless hydraulic 
pressure plays a considerable part in altering 
the appearance of the surface of the earth. 
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BY expansion an increase of volume is under- 
stood. In the case o! water this takes place 
either by heat or extreme cold. The word cold 
is used only as a comparative term, and is con- 
sidered as heat at a very low temperature. Cold 
is not a definite term and is only used to con- 
vey the sensation felt on changing from one 
temperature to another lower in the scale. A 
homely illustration is an experience of the 
writer's when bathing in the open air in the 
summer time. When plunging into the water 
in the early hours of the morning there has been 
a sensation of warmth, but a bath taken at, or 
after, noon on the same day in the same water 
a decidedly chilly feeling has been felt. The 
temperature of the water was the same in each 
case, but there were several degrees difference 
in that of the air at the times when the baths 
were taken. The air in the morning being 
colder than the water, and at midday the latter 
the coolest, the sensations were reversed. At 
the seaside, early bathers are noticed to dress as 
quickly as possible after their dip, but later in 
the day, if fine and opportunity presents itself, 
they will gambol on the beach and revel in the 
warmer air before dressing. Plumbers working 
in a deep well will experience a sense of cold 
when going down during warm weather, but of 
warmth in the winter time. A piece of metal at 
a temperature of about 60 degs. Fahr. will feel 
cold to a person whose hands are warm, and 
the opposite to one who has cold hands. From 
this we find that warmth and cold fare only 
comparative terms and cannot be used in the 
same sense as heat and temperature. The 
latter can be measured and described in such 
terms as to be easily understood. For measur- 
ing heat, an instrument called a " Thermometer" 
is used for both air and liquids. That for the 
latter has a larger range than for air as the 
extremes of temperature are further apart. 

Fig. 664 is a sketch of a thermometer used by 
brewers in taking the temperature of the water 
and "worts" when brewing and when fermenting 
beer. The case is made of tinned iron or 
copper with a face plate, which is divided into 
spaces called degrees, and on which is marked 
the temperatures of various matters of common 
interest. The divisions are what is known as 
Fahrenheit's scale. In the centre of the instru- 
ment is a glass tube U, the top end of which is 
hermetically sealed. At the bottom end, V, is 
attached a small glass bulb, shown by dotted 
lines, containing mercury, this metal in a 
fluid condition being found the best of all 
liquids for this purpose, as it expands and con- 
tracts in a nearly equal proportion for the 
various degrees of heat and extends over a wider 
range than any others. The lower part of the 
case forms a cup lor retaining a portion of the 



liquid, when taking temperatures, until the 
reading has been noted, but the instrument 
should be totally immersed lor a short time 
previously, otherwise it will not register cor- 
rectly. 

At every change of temperature water either 
increases or diminishes in bulk or volume, and 
the point of greatest density is 39*2 degs., or 
say 40 degs., Fahr. Even one degree change 
from this either way causes the water to expand, 
and the specific gravity varies with the amount 
of expansion. As an example, 1 cubic foot of 
water at 40 degs. Fahr. weighs 62*425 lbs., and 
at 212 degs., or boiling point, only 59*832 lbs., 
or 1 -24th less. Or we may take it that a cubic 
foot of water, or 6*25 gallons at 40 degs. be- 
comes 6*51 gallons at 212 degs. Because of 
this expansion it is always necessary to fix the 
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Fig. 664. 

overflow pipe of a feed cistern to a boiler so 
that the latter cannot overfill, and also to regu- 
late the ball valve so that the water is some 
distance below the overflow to allow for 
swelling. 

In the case of a feed cistern to a heating 
apparatus, the cistern has to be large enough to 
hold the whole of the excess caused by expan- 
sion. Referring to Fig. 665, W is the level of 
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the water when cold, or say at 58 degs., and X 
the height to which it will rise when hot, or say 
about 190 degs. To work out an example we 
may assume that a boiler, circulation pipes, and 
feed cistern filled to W, holds 500 gals, the 
water being at 58 degs. Then 190 degs— 58 
degs. = 132 degs. to which the water will be 
heated. If we take *oooo degs. as water at its 
greatest density,* at 58 degs. as having 






TP 3 



Fig. 661;. 



expanded to "00076, and at 190 degs. to "03501, 
then '03501 — -00076= "03425 and this x by 
500 gals. = 17*125 gals, the total expansion. 
The space or capacity of the feed cistern 
between W and X should be equal to that 
quantity of water. This is an approximate 
calculation for practical working. To be exact, 
the holding capacity of the pipes and the boiler 
when expanded by heat would have to be con- 
sidered and an allowance made. 

Having dealt with expansion ot water by 
heating above ordinary temperature (not that 
the subject has been exhausted or very high 
temperatures dealt with), we may now consider 
the same phenomena at low temperatures. 

We have already stated that water is at its 
greatest density at about 40 degs. Below this 
it expands, in almost but not quite the same 
proportion as above, until the temperature of 
32 degs. in reached. This is called the freezing 
point of water and the melting point of ice. 
when water is kept perfectly still the tempera- 
ture can be further reduced before congelation 
takes place; but if the least motion is given to 
it, it solidifies at once and expands with con- 
siderable force, sufficient to break or burst any 
vessels containing it The weight of a cubic 
foot of water at 32 degs. is 62*38 lbs., but a 
cubic foot of ice at the same temperature is 
only about 58 lbs. This difference, which shows 
increase in bulk, taking place suddenly, will 
help to explain the phenomena of pipe bursts. 
Many people think that it is the thaw that sets 
in after freezing that breaks the pipes, but it is 
not so. It is the expansion of the water con- 
verted into ice that does the damage, but it is 
not always discovered until the thaw sets in. 

Many interesting problems present them- 
selves to plumbers during frosty weather, and 
if they were carefully noted would impress 
themselves on the mind more than reading 
books on the subject It is only reasonable to 
suppose that people's experiences vary, and that 
the conditions under which observations are 

• Clarke's Tablet. 



made are not always the same. Neither are 
the same deductions drawn by different people 
from the same illustrations. The writer has 
noticed that with cast-iron water mains, pieces 
are burst or pushed off by the expansion of ice. 
Wrought-iron pipes vary very much. Some 
have had slits only 3 in. or 4 in. long opened in 
the sides, whilst others have had them as much 
as 2 ft. long. In some cases, what is known as 
" steam barrel," which has resisted the pressure 
the longest, has been torn more than a lighter 
pipe, such as is generally fixed for conveying 
gas but has been used for water. Lead pipes, 
too, vary very much. Some have been noticed 
which did not burst, but had enlarged portions, 
or swellings, but the generality of such pipes 
burst with from J in. to 4 in. long openings, 
lengthwise in the sides, but never across the 
pipe. Ice expands equally in all directions, so 
that the greatest thrust is in the line of the 
longest dimension. This is demonstrated by 
the fact that more frost bursts occur at branch 
joints than anywhere else in the pipes. Fig. 
666, is an example of a J in. pipe which had 
J in. branches leading to the valves exhibited in 
action in a manufacturers show room. Under 
each branch joint, as shown by the figure, a 
burst occurred, but none of the other pipes in 
the same room were affected, although of the 
same strength or thickness, exposed in the same 
manner and under the same head of water. 
Interested friends suggested that the soldered 
joints, being stronger than the pipes, prevented 
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Fig. 666. 

uniform expansion, and thus concentrated the 
whole of the force on the points indicated. 
The writer held a different view and took an 
early opportunity of trying an experiment. 
This he did by soldering a disc of lead in the 
end of a piece of $ in. lead pipe, filling the pipe 
with water and then closing the other end by 
pinching it in a bench vice, afterwards copper- 
bitting the edge of the pinched end. On freez- 
ing, the whole disc of lead was rendered convex 
outside and eventually torn from the soldering, 
and the pinched end partly resumed its 
cylindrical shape. 

From time to time the writer has made many 
experiments by exposing colourless glass bottles 
partially or wholly filled with water to the 
action of frost. When partially, or about half- 
filled, they have remained intact, but he has 
noticed in some instances that in the early 
morning the water has entirely been converted 
into ice. On afterwards making another 
examination, when the sun was shining, he h«s 
found the surface of the ice inside melted to 
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the depth of about J in., but the upper portion 
of the Dottle was lined with beautifully arranged 
ice crystals. Unless some change took place 
during his absence and of which he did not 
know, the conclusion to be drawn is that the 
sun's heat rays passed through the glass and 
melted some of the ice. The vapour arising 
from the water so formed condensed inside the 
upper portion of the bottle, which was exposed 
to the cold air, and again froze in the form of 
hoar frost, but this did not intercept the sun's 
rays or prevent them thawing the ice below, 
and keeping it in a liquid condition. With a 
view of finding out more about the expansion 
of ice, several bottles were filled with water 
and corked, some loosely and others tightly, 
with varying quantities of air betwen the water 
and the corks. Other bottles were left open 
instead of being plugged. 

Fig. 667 shows examples of two out of several 
that were placed in the garden about 10 o'clock 
on the evening of February 4th, 1895, the 
sketches being made about 9 o'clock on the 
following morning. The bottle A was filled to 
overflowing, and the cork forced in so as not to 
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Fig. 667. 

leave any air between it and the water. The 
dimensions are all marked on the figure. 
Everything tends to prove that the expansion 
is greatest on the line of the longest dimension. 
The cork was forced out of the neck and had 
nearly 1 in. of ice showing between it and the 



bottle. The former had only {in. projecting 
when first forced in, and as it was 1} in. long it 
had travelled upwards i|in. from its original 
position. The upper portion of the bottle was 
not broken in any way, but there was a zig-zag 
fracture all round at an average of 2% in. below 
the neck. The opening was £ in. on one side 
and 3-20 in. on the other. Below this a vertical 
crack 1-20 in. wide ran down to another one 
2-io in. wide, extending about two- thirds round 
the bottle and then in a slanting direction to the 
bottom. The thickness of the glass varied very 
much, in some parts being under ft in. and 
others over Jin. ; the quality being clear 
glass, as usually sent out by spirit merchants. 
The thick parts appeared to oner no more 
resistance than those which were thinner. 

The bottle B was filled to the top and was 
left uncorked. The ice projected Jin. above, 
the centre being so very convex as to lead to 
the impression that the inner parts travelled 
faster and further than those in contact with 
the side of the neck of the bottle. On making 
further and later inspections it was noticed that 
the ice, during the daytime, kept expanding as 
the cracks were slightly more opened in both 
bottles. It also projected more above the 
necks in each case, but evaporation was taking 
place. Although the cork on bottle A was 
higher, the diameter of the supporting neck of 
ice had decreased. On bottle B the centre 
of the projection was higher, jbot the diameter 
had decreased, and at the base, close to the 
bottle, a gutter was formed. As the hollow of 
the gutter was what may be described as 
being dry, the presumption is that under 
certain conditions ice will evaporate without 
first going through the visible change of 
melting. 

Not only are water pipes burst by freezing, 
but pump barrels, valves, and cocks are 
injured by the same action. The writer has 
seen several of the so-called "diaphragm/ 1 
both stop and bib, valves with the screws 
that held on the domical tops broken off. 
Many ordinary plug cocks are found after a 
sharp frost to be injured past repair. Fig. 668 
is a cross section of a cock showing what 
occurs. The water pent up inside the key, 
when shut off, on freezing expands with suffi- 
cient force to push out the sides of the barrel 
at C C, and to break the key across as shown 
by the double line at D. If we take the 
breaking stress of gun metal, as used for cocks, 
as being 36,000 lbs. on the square inch; the 
thickness of metal at the point of fracture as 
i in. ; and the length ot the fracture as 1 in. for 
each half of the key, we can approximately 
find the amount of force exerted by the swelling 
of the ice. In this case 1 in.X2X Jin.=Jin. 
and 36,000-^=9,000 lbs., or a little over 4 tons, 
and this is exerted by less than i-32n<i part of 
a pint of water inside the key on being con- 
verted into ice. The actual force is considerably 
above 4 tons, but some of it is spent in pushing 
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out the sides C C, in the figure. It is highly 
probable that if the thickness of the metal were 
three or foui times that given above it would 
have broken by the strain, and this leads to the 
conclusion that a strain of 12 to 16 tons on the 
inch is sometimes exerted. 

This amount of force points to the almost 
impossibility of getting lead pipes of such a 




Fig. 668. 

substance as to offer resistance to bursting, and 
to the importance of (a) fixing them beyond the 
influence of frost (0) encasing them and (c( 



having them emptied during severely cold 
seasons. 

It has been suggested that if lead pipes had 
the sides fluted or corrugated, they would not 
burst, but be forced into a cylindrical form by 
the expanded water on being frozen. 

Mention was made on this matter in an 
earlier lectuie (see p. 206, vol. 1.), but we may 
here add a list of materials which are bad 
conductors of heat or cold and are good for 
packing round water pipes when of necessity 
they must be fixed where they are liable to be- 
come frozen. These are : — Cotton wool, wool, 
ashes, sand, cokedust, sawdust, charcoal powder, 
cork chips, plaster of Paris, hair felt, asbestos* 
fossil meal* Leroy's composition*, silicate 
cotton or slag wool *, and a great many others. 
In the list those marked with an asterisk are 
best, and some of them can be had in such 
forms that they can be applied or fixed without 
any wooden enclosure. Hair felt is not advised 
for use as the writer has several times had to 
remove it, when used for packing pipes, 
especially when in warm positions or near 
those for hot water, on account of moth pro- 
pogating in it Fossil meal, Leroy's composi- 
tion, and such like materials are also useful for 
covering cold water pipes when there is a 
liability of their being objectionable owing to 
suspended moisture in the air condensing on 
them and wetting the surroundings. Or for cover- 
ing boilers, cylinders, and hot water pipes for 
preventing the loss of heat by radiation. 
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Spouting Jets of Water. 

WE have already dealt with "water pres- 
sure " when that liquid is confined in any 
vessel or enclosure, and we may now deal with 
it under the above heading. For water to 
spout out of an opening there must be a source 
for it to come from, and the latter must be 
higher than the orifice from which it escapes. 
When the well was being sunk in the forecourt 
of the National Gallery the workmen broke 
through an impervious material they came 
across, and the water spouted up so quickly 
that they had to clamber out as quickly as 
possible, not having time to get out their tools. 
Rumour gives it that the latter are at the 
bottom of the well to this day. 

At a mansion in Buckinghamshire the water 
spouts out of an artesian well to a considerable 
height above the ground and fills a tank in the 
upper part of an outbuilding. Fig. 669 is a 
sketch section of the house and site on which it 



stands. In the figure, E is the house and F 
the outbuilding in which the tank is placed; G 
is a 4 in. iron pipe, driven into the ground to 
the water-bearing stratum. The tank is some 
16 ft or 18 ft above the ground, and the water 
flows into this without pumping. The stratum, 
H, is filled with water caught on higher land 
some miles away, where it crops out at the 
surface, and is between two layers of impervious 
material. These prevent the water escaping, 
thus impounding it and forming an under- 
ground reservoir. As the water rises to the 
height shown by the dotted line, I I, we at once 
come to the conclusion that the source is at 
or above that level, and if it were not for the 
upper layer of impervious matter the water 
would saturate the whole of the ground or rise 
above it and form a lake, provided the quantity 
was sufficient and did not run away on 
the surface. In the figure, J J is a moat 
filled with water and surrounding the man- 
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sion. There are many cases of water spouting, 
generally known as "artesian wells," but this 
one is mentioned as it came under the 
writer's own notice. In Monmouthshire he 
had an experience where water spouted up a 
few inches above the paved floor of a tank 
built over a spring which was being impounded 
for supplying a mansion. There is little 
doubt that many readers have had similar 
experiences of this kind, and of water escap- 
ing out of the ground in the form of springs, 
as they are generally called. Natural foun- 
tains are water under pressure, spouting out 
of openings in the ground or rock. 

If water is confined in a vessel and allowed 
to escape out of an opening, the velocity of 
escape can be computed. To do this we 
must have certain fixed rules to aid us when 
making calculations. We are taught that all 




Fig. 669. 

bodies fall with equal velocity in a vaccum, or 
space empty or devoid of all matter or body. 
The rule for falling bodies is V = 8*025 x ^ in 
which V is the theoretical velocity in feet per 
second and H is the head or height from which 
they fall. As an example, a body falls 20 ft, 
what is its velocity ? 

H=20 and ^'20= 4*472 and 4*472x8*205 = 
35*88 or 36 ft. nearly per second as the velocity 
it has acquired at the moment it has fallen 
20 ft. 

The same rule applies to the discharge of 
water through an orifice or opening in a cistern 
or tank. Let Fig. 670 represent such a vessel 
kept full of water and having an opening in the 
side at K. If the distance or height of the 
surface of the water is 4 ft. above the opening, 
measuring from the centre of the latter, we 
then have ^4 x 8025 = 16*05 ft. as being the 
thoeretical velocity of discharge per second of 
time. In practice it is usual to leave out the 



decimals and use the whole numbers only. In 
the above case it would then be ^4 x 8= 16. 

If we know the size of the opening we can 
then calculate the number of gallons that would 
flow out in any given time. Before taking an 
example it will be an advantage to deal in an 
elementary form with the capacities of pipes. 
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Fig. 670. 
If we have a square pipe measuring 1 ft each 
way, and a round pipe measuring 1 ft. in dia- 
meter, the size of the former would be repre- 
sented by 1, and that of the latter as 7854, or 
considerably smaller, the length of pipe in each 
case being the same. If we were to divide 1 ft. 
of the square pipe, on the lines shown by 
Fig. 646, we should get 144, or the number of 
1 in. square pipes which would hold the same 
quantity of water as a similar one whose sides 
measured 1 ft each way. It is not possible to 
cut up a circular pipe in the same manner, but 
by calculation we find that 144 circular pipes 
1 in. in diameter have the same holding capacity 
as one pipe which measures 1 ft across. This 
is based on the rule, circles are to each other as 
the squares of their diameters. To find the 
contents of a circular pipe we square the dia- 
meter and x by 7854. As an example, what 
are the contents of 1 ft. of pipe 6 in. in diameter? 
Then 6 in. = -5 of a foot and '5* x 7^54 = "19635 
of a foot To convert this into gallons we 
multiply by the number of gallons in 1 ft. or 
6*25. 

Then '19635 x 6*25 = 1*227 gallons contained 
in a 6 in. pipe which is 1 ft long. Those who 
have worked out these problems will find that a 
good number of figures are required and that 
it would be an advantage to have a short 
rule that could be easily remembered. As 
7854 and 6*25 are constant multipliers for these 
problems it will be found convenient to multiply 
them together and use the product as a con- 
stant. That being so we have 7854 x 6*25 =4*9 
gallons as a multiplier. This latter can be 
retained in the 'memory, and used instead of 
the others. Not only are fewer figures required 
and time saved, but there is less liability to 
error in calculations. 

To show how to use this rule we will work 
out an example. How much water is there in 
a well which is 5 ft in diameter ? 
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Then 5* x 4*9= 122*5 gallons for each foot in 
depth, so that if the water was 10 ft deep we 
should have 122*5x10=1225 gallons in the 
well. 

This rule is applicable only when the dimen- 
sions are given in feet. When they are in 
inches the multiplier is '034, which is found by 
dividing 4*9 by 144 inches. 

We can now go back to Fig. 670 and assume 
that the opening at K is circular and has a 
diameter of 2 in. The velocity having already 
been found to be 16 ft per second the solution 
of the problem is as follows : — i6x2 2 xo34 = 
2*176 gallons escaping per second. If this 
were multiplied by 60 we should get 13056 
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Fig. 671. 

gallons discharged in one minute. In this 
case, too, the rule can be simplified. In the rule 
for falling bodies the constant figure 8 was 
given. If this was multiplied into "034 we 
should get '272 for seconds and x 60= 16*3 
tor minutes. From this we get the formula 
G=^Hx^ 2 xi6'3. 
Where H = the head of water in feet. 

„ d= the diameter of the orifice in inches. 
„ G= gallons discharge per minute. 

To rework the above example with this 
rule we have G=2X2*x i6*3 = I3o*4 gallons 
discharged per minute. 

The above rule gives the maximum or theo- 
retical velocity, and does not hold good under 
all conditions. The shape and form of ori- 
fice frequently having a retarding influence 
on the speed and quantity of water escaping. 

When water is running out of a hole 
in a tank made of thin plate a great 
reduction takes place in the area of the sec- 
tion of the issuing stream. This arises from 
the friction against the sides of the opening, 
and also amongst the particles of water 
themselves, and is generally spoken 
of as the vena contracta or contracted vein. 



Anyone who has been observant may have 
noticed that a stream of water issuing out of a 
round hole has not been cylindrical or in a 
solid jet, but has appeared ragged — if I can 
be understood by that term — as shown at L, 
Fig. 671, and not of the full size of the open- 
ing. The contraction being at some little 
distance from the latter and its diameter 784 
as compared with 1 for the orifice. From 
this we learn that instead of taking the size of 
the orifice as a basis for calculation we must 
deal with that of the issuing stream at its 
greatest contraction. It has been stated above 
that circles are to each other as the squares of 
their diameters, and in this case we find that the 
square ot the diameter of the opening compared 
with that of the contraction is as I s is to 784* or 
as 1 is to '615. In our last rule we had for 
theoretical velocity a constant multiplier of 
163, and if we then 16*3 x '615 = 10, and our 
formula for calculating the discharge through a 
round hole in a thin plate becomes G= /Hx 
d*x 10. 

If we again work the problem illustrated by 
Fig. 670 with this last rule we have G=2X2-'x 
10=80 gallons, or this quantity instead of 130*4 
as found by the former rule. 

If the side of the tank was very thick, or had a 
short tube attached, as shown at M, Fig. 671, 
the area of the contracted vein would not be re- 
duced quite so much, with the result that more 
water would pass through in a given time than 
without such tube. If the latter is equal in 
length to twice the diameter the contraction is 
•9 as compared with 784 for the thin plate. The 
formula: for discharge through short tubes is 
based on this, and found as follows : — 

As the diameter of the tube is to that of the 
water passing through so is I s to '9 s or 1 to '81 
or say *8. Then 163 (see previous rule) x*8= 
13*04 or say 13. The rule then becomes : 

G=* / Hxd a xi3. 

If we take as an example our previous prob- 
lems, with regard to head and size of orifice, but 
with the addition of a short tube twice the length 
of the diameter, we find that G=2 x i % x 13= 104 
gals, discharged in one minute as against 80 gals, 
for a thin plate and 130*4 gals, the original theo- 
retical quantity. 

If the shape of the tube was as shown at N 
and O, Fig. 671, a larger quantity than 104 gals, 
would pass through in the same space of time, 
and would more nearly approach the theoretical. 
It is not always convenient to have these forms, 
but plumbers in their work can cone the inlet 
ends of their lead pipes by opening them with a 
tanpin, or attach small conical pieces where brass 
connections are used. I n all cases the inlet ends 
should have the sharp inside arrises taken off, 
and thub lessen the amount of friction of the 
passing water. When a cistern is very shallow, 
or nearly empty, a vortex or whirling motion of 
the water takes place over the pipe when any is 
being drawn. On watching this action through 
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the sides of a glass vessel or cistern it will be 
noticed that, the surface of the water being de- 
pressed, a core or internal column of air is being 
carried with the stream. This reduces the 
quantity discharged and can be partially over- 
come by fixing a domical cap over the end of 
the pipe. But it is doubtful if the remedy can 
be claimed as a success, as the friction in pass- 
ing under the cap and the change of direction 
(o get into the pipe seriously retards the velocity. 
A peculiar phenomena of the vortex referred to 
is the motion being always in the same direction 
and following that in which the sun moves. 

The foregoing remarks apply to what is termed 
"loss of head,' 1 due to "velocity of entry," and also 
to the vena contractu or contracted vein. That 
is, a portion of the value of the head, or height, 
the water is falling from is lost, and the velocity 
of entry into the pipe is retarded to a consider- 
able extent by the influences referred to, so that 
a lesser quantity passes through than would be 
the case but lor the causes of retardation. 

When the pipes have a length much exceed- 
ing twice the diameter, what we have above 
spoken ot as short tubes, we have then to take 
another retarding influence into consideration. 
When two bodies in contact are moving in 
opposite directions, or one is fixed and the other 
in motion, they rub against each other, and a 
portion of the motive force is either lost or ab- 
sorbed by the bodies. The loss being power ex- 
pended to no useful purpose, and the absorption 
where the results of the applied force is retained 




Fig. 672. 

in the bodies. A man uses force to throw a 
cricket ball, but the ball does not travel a dis- 
tance equal to the energy expended as a great 
deal is absorbed by the air it passes through, or 
the turf on which it rolls. But for this the ball 
would go a much greater distance and travel at 
a higher rate of speed. This loss is known as 
" friction," and applies to liquids and gases as 
well as to solids. 

When water is passing through any kind of 
channels, it rubs against the sides and the 
velocity is retarded by friction. If the channels 
have smooth surfaces the speed is not checked 
so much as when they are rough. A leaden pipe 
with a smooth inside surface will pass more 
water through in a given time than one of the 
same size made of iron which is very rusty. A 
body of water passing through any channel has 
not all its particles moving at the same rate of 
speed. Assuming that those against the sides 
travel at a certain rate, as shown by the short 
arrows in Fig. 672, then an inner portion, having 
only the friction of water to overcome, will flow 
much faster as shown by the next arrow. And 



so on to the centre portion which travels at the 
highest speed of all as it has less resistance to 
overcome. Or, to put it in another form, assum- 
ing that water passing through a pipe is com- 
posed ot a series of skins fitting inside each 
other, those on the outside travel at a lesser 
speed than those near or in the centre. 

On the same principle, bodies moving through 
air or water carry a skin of the surroundings with 
them. Several times when travelling in express 
trains, the writer has tried to gauge the thick- 
ness of the skin of air carried along with the 
vehicle, or carriage, by protruding the tips of 
his fingers through the open window but, 
although he failed to accurately judge the thick- 
ness, he found that unless they were pushed out 
some little distance he could not feel any air re- 
sistance. Some years ago, a friend ot the 
writer's mentioned a most interesting lecture 
that had been given on holes, in ships and boats, 
made with cannon balls. From experiments 
that had been made the conclusion was come to, 
that a boat with a hole in its side and travelling 
at a certain speed would keep afloat, as little or 
no water passed through, but if the speed was 
slackened, or reduced, the water at once began 
to rush in. The boat travelling at a high speed 
carried an outer skin of water with it which 
covered the hole, but at a lesser speed this skin, 
or series of skins, was reduced in thickness and 
the pressure of water at once caused some to 
enter. 

Friction has a large influence on the quantity 
of water passing through pipes, and the longer 
they are the greater the amount of resistance. 
But for this the speed would increase instead of 
diminishing, which it is found to do in practice. 
In hydraulics, this has to be taken into consider- 
ation and an allowance made for what is known 
as "loss of head by friction" in all pipe 
questions. 

The friction of water in pipes increases as 
the square ot the velocity. 

As an example, if the water is travelling at 
the rate of two feet per second and the friction 
was represented by 1, then if it was made to run 
at a speed of four feet per second the increase 
would be as i 2 is to 2 a or four times the amount. 
From this we learn that if a pipe of a certain 
size will discharge a given quantity of water in 
a fixed time and it is found necessary to double 
the quantity in the snme time, the friction will 
be increased four- fold and a great deal of power 
will be wasted or expended to no useful purpose. 
To obviate this the size of the pipe should be 
increased for the additional supply. 

The friction in small pipes is proportionately 
much greater than in those of a larger size. 

By calculation we find that 16 1 in. pipes are 
equal in capacity to one 4 in. But i£ 1 in. pipes 
supplied from the same source, will not deliver 
so much water in a given time as one 4 in. To 
explain this we can find the internal surfaces of 
the pipes and compare them. 

One foot of 4 in. has 4 x 3*1416 x 12=15079 
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square inches ; and 16 I in. have i x 3*1416 x 12 
x 16=603*18 square inches. 

Then ——=4 times the frictional surfaces 

of the 1 in. pipes are over the 4 in, thus showing 
why the given number of small pipes will not 
pass so much water as the larger one. 

The number of gallons represented by the 
loss of head by friction may be calculated by 
the tallowing rule: — 

G /(3^xH\J* 

In which G= gallons per minute. 

</= diameter of pipe in inches. 
H = head of water in feet. 
L= length of pipe in yards. 
Assuming that a head of water is 20 ft, the 
diameter of the pipe 2 in., and the length 500 
yards, we then have 

/ (2in.X3)*X2o \j 

And 2x3=6 and 6 raised to the fifth p ower « 
7776x20=1555204-500 = 311. Then • 311s. 
17-63 gallons. 

If the length of pipe had not been taken into 
consideration and there had been no loss by 
friction the discharge would have been, as one 
of the previous rules : — 

G= /20X 22 x 13=232*44 gallons. 

When bends are made to a radius of not less 
than five times the diameter of the pipe the 
amount of friction is little in excess of that 
through the same length of straight pipe. For 
this reason all bends should be made 
what we usually term "easy," and sharp 
elbows should always be avoided both in cold 
and hot water pipes. Reference to this was 
made when writing on soil and ventilation 
pipes (see the text accompanying Figs. 284 and 
285). For an ordinary working rule we may 
take it that the loss of head by change of direc- 
tion and friction in a well-made 90 degs. bend 
in a lead pipe is about equal to that in one 
whose length is equal to ten to twenty times its 
diameter, according to the radius to which it 
is made. Lead water pipes which are crippled in 
the bends, have bruises in them, are distorted out 
of shape, or have sharp edges projecting inside 
at the joints, will not deliver nearly so much 
water as those which are true in section and are 
perfectly smooth inside throughout their length. 
Even lead pipes that have become larger inside 
by the corrosive action of the passing water, 
will not deliver such a large quantity owing to 
the friction on the roughened surfaces and 
eddies formed by the small hollows, as one that 
is smooth and free from such obstructions. 

It is very interesting to watch water escaping 
from an orifice in a cistern bottom and also 
out of a short tube. In the first case the water 
sometimes appears to have a slightly circular 
motion, similar to the vortex that has been men- 

• Box. 



tioned, and the column is broken up by the 
resistance of the air which meets it when falling. 
In the latter case the water passes out in a 
more solid and compact body. But as the 
velocity increases as it falls the column becomes 
more and more attenuated with swellings at in- 
tervals, and finally breaks up into drops, as I 
have endeavoured to illustrate by Fig. 673. 
This tends to prove that the friction is less when 
passing through air than through the short pipe 
or tube. 

Although we have dealt with our subject in 
a very elementary manner, we have learnt a few 
rules that are of use to us in our everyday work. 
Those who wish to extend their knowledge 
should study Box's Practical Hydraulics, 




8 
Fig. 673. 

Neville's Formulae, and other engineers' books 
on the subject. 

To show how to apply what we have dealt 
with we can work out a few problems which 
occur in practice. Assuming we have an ordi- 
nary flushing rim w.c and a 3 gal. syphon action 
flushing cistern, the centre of the latter being 
fixed 4 ft. above the basin. In practice it is 
found that most ( of the common washout and 
washdown w.c basins in use require the flush 
to extend from four to five seconds. If the time 
of the flush is too short the basin is flooded, 
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owing to the resistance of the standing water in 
the trap, resulting in paper and feculent matter 
floating on the surface and afterwards being left 
in view in the trap. If the flush is limited in 
quantity, and is too long in entering, the basin 
is not cleansed or the trap cleared. In practice 
it has been found that an inch and a quarter 
pipe is the best size to use for most kinds 
of w.c's. 

With four feet head the velocity, as found by 
the rule before given, would be 16 ft per second. 
The capacity of one foot of ijin. pipe equals 
'053 of a gallon as found by the rule : Diameter 
squared x '034 equals gallons per foot run of 
pipe. Three gallons-7- -053= 56*6 as length of 
feet of pipe holding the given quantity. If 16ft. 
of this pipe is emptied in one second, then 56*6 
tI 6 =3 '5 3 seconds as the time occupied for the 
flush to pass through. If the latter was limited 
to two gallons the time would then have been 
2*36 seconds with the head and size of pipe as 
given. But we never find a two-gallon flush 
with four feet head to empty as auickly as this, 
and our previous rules partly explain why. For 
instance, if the formula 

G=f / Hxd , xi3 
was used the result would have worked out 
40-625 gals, per minute, or -677 gals, per second, 
or 27 gals, in four seconds. But as this does 
not actually take place in practice we have next 
to consider why this is so. In the first place, 
we have only allowed for the contracted vein 
and velocity of entry in an ordinary pipe. If 
the flushing cistern is syphonic acting, then 
there is the friction of the water passing through 
the pipe or syphon to which must be added that 
ot the down pipe to the w.c. Very few of these 
pipes have less than four bends, and they are 
frequently made so as to have contracted ways 
through them. To flush a basin properly, the 
pipe must enter the arm in a straight line, other- 
wise more water will pass round one side than 
the other, and thus create a whirling motion 
which almost invariably fails to clear the trap of 
deposit The water escaping out of the pipe 
strikes against a piece of earthenware inside the 
rim, placed there for the purpose of deflecting 
it round the sides. As this piece is at right 
angles to the issuing stream it retards the 
velocity, and we have to consider this in our 
calculations. 

Another cause of retardation is the connec- 
tion of the down pipe to the flushing cistern. 
Many makers measure the brass unions on the 
outside and will describe them as ijin. when 
the waterways through are only 1 in. Very few, 
indeed, have clear, or full ways of the nominal 
sizes. 

It is almost impossible to give a rule which 
shall be generally applicable, but for all round 
practical purposes we may assume that the 
actual is only three-fourths of the theoretical 
discharge of pipes for flushing w.c's under the 
conditions that we have assumed. Then with 
4 ft head and a three-gallon flush through an 



i± in. pipe we find that 47 seconds, and a two- 
gallon 3*14 seconds, are occupied respectively* 
To reduce the time, which is not always advis- 
able with some kinds of w.c basins, the cistern 
can be raised or the size of the pipe increased, 
but this latter is of very little advantage unless 
the connection is also enlarged. In all cases 
sharp, or an unnecessary number of, bends 
should be avoided. It is also important that 
the down- pipe should be fixed so as to drain 
empty and no water be allowed to lodge in 
any horizontal part. 

Service Pipes for Baths. 
If we take a case ot a service to a bath, the 
pipe being 1 in. and the cistern fixed 16 ft above. 
We then have ^16 x^x 13 = 52 gallons as the 
theoretical discharge in one minute. In this 
case, too, the pipe may take a winding course 
and the way through the supply valve, and stop 
cock if one, slightly contracted or of such a 
description that the water has to change its 
direction one, two or three times, as illustrated 
by Fig. 427 in Vol I. For rough approxima- 
tion we may take the actual as being 75 of the 
theoretical discharge. Then 52 x 75 -= 39 
gallons as running into the bath in one minute. 

Waste Pipes. 
We may apply the same rule to emptying the 
same fitting. Or, for the sake of variety, we 
may transpose the rule that we have been using, 
so as to find the diameter of the pipe instead of 
the quantity discharged in a given time. The 
rule arranged as a formula is :-- 



'-wy^ 



G= Gallons discharged per minute. 
H = Head of water in feet 
d- Diameter of pipe in inches. 
If a bath holds 40 gallons and it is required to 
empty it in one minute, find the size of the 
waste pipe to do so. Before working this out 
we must first take into consideration several 
details in connection. In the first place the 
water has to pass out of the bath through small 
holes in the bottom. These are frequently found 
to be so small in size, few in number, and in 
some cases partly choked with fluff and soap 
curds, as to prevent free escape of the water. If 
the waste pipe is larger in size than the water- 
way through the grating it will soon become 
lined with slimy filth. From this we find that 
to empty a bath in a given time, not only the 
waste pipe but the other passages through which 
the water runs must be of equal area. And this 
includes the waste valve or cock and the trap. 
Even when this is so, the constant change of 
direction and friction, against the sides of the 
pipe and fittings, has a serious retarding effect, 
over and above the allowance made for velocity 
of entry and the vena contracts The u head " 
of water is only equal to half the denth of that 
in the bath. The waste pipe may be continued 
downwards several teet, but this does not add 
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much to the head as in practice it is usual 
to ventilate the waste and this at once destroys 
any value that may be attached to the vertical 
length. It allowance is made for this and we 
again take 75 per cent, as the maximum ol dis- 
charge after allowing for friction, &c, we have 
40+ 10=50 gallons which should be the basis of 
the calculations in our assumed problem. 

Baths vary very much in shape and a given 
quantity of water is not of the same depth in 
all. If we assume that the depth in our pro- 
blem is 16 in. and -f- 2 we get a mean of 8 in. or 
'66 of a foot. If we add to this the distance 
the discharging end is below the bath and 
assume it to be 8 in., or '66 of a foot also, we 
get '66 +'66= 1 '33 ft. as available head. Our 
problem then resolves into 



\Kr33x 13/ 



Then 



33 = 1-1542x13=15, and 
3*33 and r 3*33 =1*82 inches as being a\ or the 



50-5-15 = 



1-33 = i'i5 

diameter of the pipe to empty the bath in one 
minute. The nearest stock size is 2 in and this 
would be necessary under the conditions we 
have dealt with. 

If the batb is to be emptied in four minutes 
we find that four times the time is occupied and 
a pipe J the size would be required. That is, a 
1 in. pipe will approximately discharge as much 
water in four minutes as a 2 in will in one 
minute. This should be accepted as a rough 
working rule only, and as being near enough for 
the small problems that plumbers have to deal 
with. 

Water Mains* 

For more extensive problems the relative 
discharging powers of pipes have to be con- 
sidered. Reterence has before been made to 
the excess of friction in small pipes over those 
of larger size. Assuming that we have to deal 
with a water main supplying the houses in a 
street and it is found that a i in. pipe is neces- 
sary for each house. If the main is 3 in. in 
diameter, to find the number of houses that 
can be supplied from it we have to introduce a 
new rule, which is based on the discharging 
powers of long pipes. These vary as the 
square root of the fifth power of their diameters. 
That is, with diameters in the ratio 1, 2, 3, 4, 
the discharge will be in the ratio i* 4 , 2*' 5 , 3* **, 
4'-' 5 , and so on. Then with a 3 in. pipe and £ in. 
branches we have 3 in. -f- '$ in. =6 the ratio of 
the diameter of the 3 in. to the J in. And 6 
raised to the fifth power«7776. Then 7*7776= 
88. 

Thus we find that a 3 in. main will supply 88 
houses with a Jin. branch to each. If each 
house required a | in. pipe and the main was 
4 in. we have 4 in. -5- 75 in. = 5 '33 as the ratio of 
the 4 in. pipe to the f in. Then 5'33 fl =43 01 and 
/4301 =66, the number of j in. pipes that a 4 in. 
main will supply. 



General Services. 

In these problems the head of water and 
length of pipe are assumed to be constant 
When we come to deal with the service-pipes 
in a house the given rules will not apply, as the 
head and length vary very much. To explain 
this we can assume that a cistern at the top of 
a house has a pipe leading from it, the latter 
having branches to fittings in various positions 
and at different levels, as shown by the diagra- 
matic sketch, Fig. 674. If all the cocks shown 
at A ! -A* were of the same size they would not 
all discharge the same quantity of water in the 
same amount of time owing to the difference in 
head or height of the supply cistern above 
them. Applying our rule for falling bodies, the 
cock, A 1 being 16 ft below the surface 
ot_the water in the cistern, we find that 
/ 16x8 = 32 ft per second as the theoretical 
' velocity of discharge at that position. A 4 being 
49 ft. below the cistern, we have *^49 x 8=56 as 
the theoretical speed at which the water 
escapes at the lower level. If the service-pipe 
was of the same size as the cocks, and Ai and 
A 4 were opened at the same time nothing would 
pass out of A 1 , but air would be drawn in, as 
the water below it would be travelling at a 
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higher speed than that above. Not only is this 
theoretically correct, but it is found to be so in 
practice. To prevent this the size of the main 
pipe must be increased. It is not necessary to 
do this the whole length, but by degrees as we 
get nearer to the cistern. To work out the 
sizes to the different floors we will first assume 
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that the cocks are what is called f in. Such a 
cock at A 4 , fixed on a j in. pipe, with the given 
head would allow the water to escape with such 
violence as to knock a tumbler or a pitcher 
out of a person's hand. To break this force 
the pipe could be reduced with advantage to 
£ in. A 3 could be a fin. branch pipe, and 
A 1 and A* J in. The cocks in each case being 
t in. Working out our problems on these lines 
and assuming that pipes are to each other as 
the squares of their diameters, we have a $ in. 
pipe below the branch to cock A 8 . From A 8 to 
A" the main pipe should be equal to a 
J in 4- *§ in. Then £ in = *5 in. and_g in. = '625 in. 
and -5* + "625* =-64. Then A>4 = -8 in. =the 
diameter the pipe should be at B. From A* to 
A 1 the main pipe should be eq ual to *8 + f in. 
Then '8*+ 75*= 1*2025 and Si 2025 = 1*09 in. 
as the diameter at C. For the upp er p ortion 
we have 1 'ooZ 2 + 75* = 1 75 and '175=1 '33 
nearly or say i£ in. pipe at D. 

This latter size may be considered as extra- 
vagant, and is actually a trifle too large. But 
the writer has had to look into so many com- 
plaints of water ceasing running at one cock 
when another has been opened that he always 
advises those given. We are also governed by 
stock sizes in our selection. In the above case 
the pipe at D would be too small if only ij in., 
and as 1 j} in. is not made we must take the next, 
or 1 ^ in. pipes for use. In the above working 
out, allowance has been made for the pro- 
bability of all the cocks being opened at the 
same time. 

Overflow rifles. 

Overflow pipes should always be large enough 
to take the water away as fast as it can run in, 
whether from sink, bath, cistern, wash-basin, 
safe, ot other fitting. Inattention to this detail 
has frequently resulted in serious injury to 
ceilings, furniture an 1 other matters. Position 
and shape of inlet to an overflow should always 
be studied. Years ago it was the common 
practice to fix to cisterns what was known 
as ''trumpet-mouthed" overflow pipes, these 
having •• ground in" brass connections to the 
waste pipes, soldered or screwed to the cistern 
bottoms, as they were made of lead or iron. 
As many of these pipes have been found con- 
nected with drains, soil, and other foul water 
conduits, and the water in the cisterns rendered 
unfit for drinking, by the escaping bad air, the 
practice is now to continue them into the open 
air, and the connection made near the top edge 
of the cistern. Some water companies object 
to overflows, and insist upon what is generally 
known as warning, or u tell-tale 1 ' pipes, the 
latter being of a small size and continued to 
positions which can be seen by the company's 
inspectors or other officers. If the ball-cocks 
are out of order and the cisterns fill too full, the 
water runs out of the tell-tales and draws atten- 
tion to the matter. But if an accident occurs 
to the cock, or it is so stiff that it will not close 



at the proper time, the cistern overflows the 
sides, because of the pipe not being large 
enough. 

Other points in this connection were referred 
to in an earlier lecture, see the text accompany- 
ing Figs. 390 and 391, Vol. I. Our present pur- 
pose is to deal with the sizes. If a cistern is 
supplied from a reservoir and a quantity of 
water runs in in a given time the overflow 
should be large enough to take away the same 
quantity in the same time. We cannot apply 
any of our previous rules to this problem tor 
the reason that we had the ends of the pipes 
covered with water. With an overflow it is not 
so, as illustrated by Fig. 675. Air is carried 
along on the surface of the water and a depres- 
sion is formed at £, the pipe not running full 
bore. More water would pass through if the 
end was bent down as shown by dotted lines at 
F, but for plumbers 1 practical purposes we had 
better provide for any maximum of discharge 
through a short straight tube, as shown in the 
figure. 

To work out a problem we may assume that 
a ball valve has broken down or become useless 
and the water is running in at the rate of 50 
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Fig. 675. 

gals, per minute. The overflow should be large 
enough to discharge not less than the same 
auantity in the given time. To find the 
discharge for a common overflow pipe Mr. 
Box gives an approximate rule — 
G=rf**X3'2 

In which G= gallons discharged per minute, 
and d— diameter in inches. 

So that if the diameter of the overflow is 2 in. 

G = 2 a *X3*2. 

Then 2jraised to the fifth power =32. 

And ^32 = 5*657 nearly. 

And 5-657 x 3-2= 18-1 gallons discharged 
through the overflow in one minute. 

In our cistern problem we have 50 gallons to 
get rid of in that time, and from this we find 
that a 2 in. pipe is not nearly large enough. 

To find the actual size we must transpose the 
rule as follows : — 
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The quantity being 50 gals, we have— 

<-"(-%■) 

Then 50-2-3-2 = 15 625. 
And 1 5 *62S X = 244*14. 

And K244'i4=3. 

From this we find that a short straight over- 
flow pipe, with open ends, the inlet not being 
immersed beyond its depth, must be net less 
than 3 in. in diameter to discharge at the rate of 
50 gals, per minute. 

As students may have some difficulty in find- 
ing the square roots of fifth powers, or the fifth 
roots of squares, a short table is here given : — 



Relative dimensions 

or diameters of 

pipes. 


Relative discharg- 
ing powers. 


•25 


•03I 


•5 


•177 


75 


•485 


i* 


I* 


125 


1747 


»'S 


27S6 


175 


4051 


2* 


5^57 


2*25 
2'5 


7*594 
9-882 


275 


12 54i 


3' 


15-582 


3*5 


22-918 


4-0 


32- 



To show the application of this table : — 
What size overflow pipe is necessary to dis- 
charge 70 gals, per minute ? 

70 -f- 3-2 =21*9. 
Looking for the nearest number in the 



second column we find 22*918. Opposite this 
in the first column we find 3*5, the diameter 
sought 

Or supposing we wish to find the quantity of 
water an overflow pipe of a given size will dis- 
charge. We look in the first column for that 
pipe, and opposite, in the second column, the 
discharging power, and multiply that by 3*2. 

Example a 2} in. pipe. 

This being 2*5 in the first column, opposite 
we find 9*882, and this multiplied by 3-2=31*62 
gallons, the discharge sought. 

As a further example : Supposing it is found 
that the water supplied to a house has been 
running to waste through a cistern overflow at 
the rate of 26,000 gals, in twenty-four hours. 

On looking into the cistern it is discovered 
that the pipe is only just large enough to take 
the water away. What is the size of the pipe ? 

Then 26000-^24=1083 gals, per hour. 

And io83-r6o= 18 gals, per minute. 

And i8-r3'2 = 5*625. 

On looking in the second column we find the 
nearest number is 5*657, and opposite this, 2, or 
the diameter in inches of the overflow- pipe. 

The same reasoning may be applied to bath, 
sink, or wash-basin overflows, but in these latter 
cases it is usual to have gratings over the inlets, 
and the size of the aggregate of openings should 
be taken as the basis for calculations instead of 
the size of the pipes. The former are usually 
found to be much smaller (although they should 
not be) than the latter and will pass a con- 
siderably lesser quantity of water. 

As already stated, the above rule is only 
approximately correct, but is sufficiently so for 
the elementary problems that plumbers have to 
deal with. 



COVERING STAIRS AND LANDINGS WITH LEAD. 



HOW many business people are there who, 
when giving instructions to their juniors 
or subordinates, conclude with the exhortation, 
" And hurry up ! M And how many people, 
when endeavouring to obey the order so laconic- 
ally given, come to grief by slipping or falling 
on the road over which their errand leads them ? 
Elderly people, too, even when not " hurrying 
up," frequently have serious falls when going 
about either on business or for pleasure. 
Hospital surgeons are constantly having such 
accidents to deal with. 

Many cases occur in private houses where 
the rooms, passages, and staircases have the 
floors covered with carpet, linoleum, or other 
non-slipping material. Even a member of the 
Royal family has been a victim, and readers 
will doubtless remember the serious fall the 



then Prince of Wales had in 1899 through 
slipping on a staircase. 

But in offices, warehouses, railway stations, 
public buildings, and similar places, such floor 
coverings are not much used, and neither would 
they resist the wear and tear of the many feet 
of passers, some of whom are carrying burdens, 
and who generally follow each other on almost 
the same tracks, in many cases with hurried, 
shuffling steps. 

All the accidents are not the results of actual 
slipping, as "many occur from tripping by catch- 
ing a foot on a projection, or ether impediment, 
such as an unevenly worn floor or stair tread. 
A person falling on a floor is, generally speaking, 
not so seriously injured as the one who falls on 
a staircase and slides and rolls to the bottom. 
Hence the importance of covering the line of 
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traffic in passages and on staircases, especially 
the latter, with some material which will 
protect the flooring from being unevenly worn, 
and on which people can stand or walk without 
the risk of slipping. 

There are many kinds of patented treads for 
staircases which answer admirably, but some of 
these are so expensive that they can only be 
used where the cost can be afforded. Some of 
them have flush surfaces, but others have 
sinkings in which dirt can accumulate. For 
moderate or light traffic good linoleum may last 
a considerable time and can easily be renewed, 
but the best material of this kind is not so 
lasting as sheet lead, which is non-slippery, can 
be easily repaired or renewed, and the value of 
the old material is a good set-off against the 
cost of new. 

But even lead coverings have disadvantages 
unless they are properly fixed. This metal is 
so soft, and the molecules have such a low 
standard of cohesion that they will flow by the 
constant or intermittent application of force in 
one direction, that is, it will expand or stretch. 

If the marks made on the line of traffic on a 
staircase are examined, it will be seen that when 
people are going upwards they usually walk one 
step at a time and tread about I ft. 9 in. from 
the balusters, so that they are able to aid 
themselves by means of the handrail. But 
when coming down they do so a higher speed, 
frequently two or more steps at a time, and 
tread nearer to the balusters. When turning 
on a half-landing they do so on the ball of the 
foot, and wear holes in the covering material by 
the habit of nearly always treading on the same 
places. It has been noticed that, such is the 
force of habit, one person frequently using a 
staircase will nearly always tread on the same 
spots and do more injury than would a number 
of strangers who do not tread in each other's 
footsteps. Or, to put it in another form, one 
person using the stairs one hundred times in a 
day will wear more holes in the treads than one 
hundred people who use them only once each 
in the same time. 

Fig. 676 is a section of two treads, and at A 
is shown the flow of the lead caused by those 




foing up, and at B by those coming downstairs. 
ig. 677 is a plan of a half-landing, showing the 
parts most worn on narrow staircases over 
which much traffic passes. In the sketch the 
lead is assumed to be trimmed a few inches 



clear of wall of landing and staircase strings, as 
shown by the shaded parts. 

There is some little difference of opinion as 
to whether the lead for covering stairs should 
be pure and soft or hardened by an alloy. The 
soft is undoubtedly the best for preventing 
slipping, but the hard will wear longer, as it 
will not flow so much at the sides nor bag over 
the nosings to the same extent as that which is 
softer. 

Between the two a medium may be taken, 
and the ordinary lead of commerce accepted as 
being suitable. 

On this subject it may be stated that there 
is a patented sheet lead on the market which is 




Fig. 677. 

manufactured especially for covering floors and 
staircases, and consists of soft sheet lead in 
which woven steel netting is milled ; the object 
being to have a non-slipping material which will 
last for some time, and which will not flow nor 
stretch, nor bag over the nosings. 

The substance of ordinary lead should be 
equal to what is known as 7 lbs. or 8 lbs. to the 
square foot, and which is about & in. thick. 
So-called 4 lbs. and 5 lbs. lead is not suitable 
for hard wear, and should be used only where 
the traffic is very light 

Another question is : Should the " risers" as 
well as the "treads " be covered ? There is no 
wear on the risers, so there is no necessity for 
covering them ; and it may be considered a 
waste of material to do so. With steep-pitched 
stairs having narrow treads, the risers are 
perhaps bruised by the toes of people's boots ; 
but if they were covered with lead the advantage 
gained would not be worth the cost. And, 
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again, they frequently appear disfigured, or 
dirty, by the knocking of the toes of blackinged 
boots, but this can be washed off. or they could 
be painted the same colour as the lead so as not 
to show the marks. The risers of stone stairs 
can be cleaned in the same manner as the 
other portions exposed. In dark or h haded 
positions the risers and sides of the treads are 
best when of a light colour, as the steps are 
then more distinctive, and users, especially 
those with weak or short eyesight, can walk 
with more confidence over them. 

Very narrow staircases should have the treads 
covered their whole width, but with wider steps 
this would be a waste of material ; unless the 
traffic was very heavy on the latter, and two 
lines were meeting each other, in which case 
the treads should be covered the whole width. 

Covering Stone Stairs. 

Dealing with the practical part of the subject, 
in all cases it should be a standing rule that the 
lead to be used should be free from tool marks 
and scratches, and for this reason it should 
be rendered flat and smooth by the aid of a 
flapper made out of a remnant of sheet lead, 
and hard-wood tools, or dressers, used as little 
as possible. 

Assuming the stairs are quite new and the 
treads are not worn uneven, for the straights 
exact measurements can be taken of their 
length and width ; a strip of lead fitted to 
the step is the best for the latter, and the 
lead cut rather full to the sizes thus obtained. 
The edges should then be made perfectly 
straight and true by means of a plumber's 
plane, or a carpenter's jack-plane with a steel 
face answers very well. This is far better than 
laying the lead in a rough manner and dressing 
and trimming afterwards. 

Half-space and quarter-space landings can 
have the lead cut out and planed true as for the 
straight steps. For the winders, brown paper 
patterns can be fitted and then used for marking 
out the lead. But it is much better to set them 
out on plan with chalk lines on the workshop 
floor, lay the pieces of lead to be used on the 
lines, and thus get the exact size and shape of 
the treads, to which should be added a margin 
for turning round the nosing. After cutting out 
the edges can be planed true, as described for 
the straight 

In most cases the steps vary a little, and for 
both straights and winders it is an advantage 
to leave the back edges of the pieces of lead 
rather full, so that if there are any little 
variations in the width of the treads, each piece 
can be planed down, after a trial fit, to the 
exact size. 

Some stone staircases have the treads and 
risers with a square front edge ; others have a 
round nosing to the step, and others a similar 
nosing with a small moulding beneath. It is 
very rarely that the first named is covered, but 



the last two are frequently done, especially in 
Government offices and public buildings. When 
there are many steps to be done, a wooden 
dummy should be made to the required pattern 
and used for working the lead to the desired 
shape. The dummy can be made of deal, but 
the nosings and mouldings, if any, should be of 
oak or other hard wood, and the depth from 
back to front large enough for working winders 
as well as straights. For a plain round nosing, 
the lead should be worked round it and about 
one inch down the riser. With a moulded 
nosing, the lead should be worked about one 
inch below that. In some cases it is worked 
only round the nosing, but this is not a good 
method as, after a time, the edge will turn out- 
wards and those who may be walking upstairs 
will perhaps catch their toes against the loose 
edge and fall forwards. When worked on a 
dummy there is no necessity for dressing ihe 
lead when in its position, and tool marks are 
thus avoided. 

There are various methods of fixing the lead, 
and each has its advantages and the contrary. 
One is shown in section by Fig. 678, and con- 
sists of dovetailed grooves cut in the tread and 
riser, into which the back and front edges are 
chased and then filled up flush with molten lead. 




Fig. 678. 

This fixing is strong, but it is difficult to repair 
or renew the lead in a neat manner. Worn 
patches can be cut out and new pieces inserted 
and " burned in " with a flam, and cleaned off, 
but on taking away the whole of a step for 
renewal the stone is broken on each side of the 
grooves. There is also a small sinking at G in 
which dirt can accumulate. 

Another method is shown in section by 
Fig. 679. In this case the grooves are cut and 
slightly dished on each side. They are then 




Fig. 679. 

filled with molten lead even with the bottom of 
the dishine. The cover lead has slits cut to fit 
over the dowel lead and is dressed into the 
sinking, then soiled, shaved and soldered by a 
flush wiped seam. Brown paper should be 
placed between the stone and lead on each side 
of the seam for preventing the solder being 
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chilled when wiping. This method is a very 
troublesome one for the plumber, as the applied 
heat causes the lead to expand and the edges to 
curl up and show through the soldering. When 




Fig. 68a 

necessary to renew the lead the metal can be 
melted off with a blow-pipe or gas jet, the old 
lead taken away, the new fixed and the soldering 
redone. 

Fig. 680 is a plan of one step, and Fig. 681 a 
section, showing the cover lead fixed with lead 
dots or dowels as often practised. The fixing 
is fairly good, but the raised dots are objection- 
able. Neither can they be easily cut out when 
renewal of the treads is necessary. A better 
method is to cut and dish the dowel holes in 
the stones, fill them with lead flush with the 
bottom of the dishing, lay the cover lead, cut 
the necessary holes through it and, after pre- 
paration, wipe flush soldered dots. In this case, 
too, the solder can be melted off, the lead ex- 
changed and the dots resoldered as when first 
done. 




Fig. 681. 

When the cost is not a bar, a really good fix- 
ing is shown by Fig. 682. In this case holes 
are cut, and brass dowels, with screws, fixed in 
them with lead. A brass angle-bar at C, a 
flat brass plate at D, each the full length of the 
step, and circular brass plates about i£ in. in 
diameter by i-8th or 3-1 6th of an inch thick, let 
in flush as show at E, in the positions F F, 
Fig. 680, securely holds the lead when fixed by 
the screws. The end plates help to prevent the 
lead spreading at the ends, and those near the 
front edge from bagging over the nosing. The 
small circular plates at F F, Fig. 680, should be 
about 12 in. to 1 5 in. apart, and fixed not too 
near the nosing or there would be some risk of 
bursting off pieces of stone when the mason 
is cutting the dowel holes. The plate at C, 
Fig. 682, fills the angle and prevents an accu- 
mulation of dirt at that place, and also helps to 
prevent the riser being disfigured by the toe 
marks of those who kick against it. By simply 
taking out the screws the brass plates can be 
removed, the old lead taken away and new 



substituted with very little trouble. With 
spandrel steps the dowel at C would have to be 
a little different to the drawing, or it would show 
through the soffit beneath. 




Fig. 682. 

When it is desired to cover an old stone stair 7 
case the treads of which are much worn, great 
pains have to be taken to first prepare the 
stonework. Unless this is done the job looks 
wretched when completed and the lead will 
not last any great length of time. The really 
best method is for the mason to cut out worn 
parts and insert pieces of stone so that the form 
and shape is as when first constructed. 

In many cases, attempts are made to level the 
steps by filling up any hollows with plaster of 
Paris or Portland cement But this is not at all 
satisfactory, as, in addition to the difficulty of 
making the surface even and as when originally 
made, the filling-up material breaks or cracks and 
works loose, especially at any thin edges, causing 
bumps and hollows to show through the lead. 
When of necessity such methods have to be 
practised the lead should be worked on a dummy 
to fit the steps, then placed in position and fixed. 
If at all possible to avoid doing so, neither a 
dresser nor a flapper should be used on the lead 
when in its position, as such working aggra- 
vates matters and results in the work looking 
uneven and unsightly when finished. 

Covering Wood Stairs. 

Buildings having stone staircases are, 
speaking generally, usually of a better or 
higher class character than those with 
wood. Many, including private or dwelling 
houses, are constructed for especial purposes, 
but after a time are converted into offices, ware- 
houses, restaurants, and similar quasi-public 
uses. Even when newly constructed economy 
frequently has to be practised and wood stairs 
are fixed, to be afterwards protected by lead 
coverings. 

Fig. 683 is a plan and Fig. 684 a section of a 
very common kind. The treads of many of 
these are made of deal about 1 in. thick, and 




Fig. 683. 
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covered on the front part only, as shown at J J. 
When first done it can be made to look neat, 
but where there is much traffic the life is very 
short This is a very poor job, and a better one 
is shown at K K. As the wood treads are very 
thin the nosing forms only a small round of £-in. 
radius, and by stepping upon it the lead is 
dragged downwards, or worn through on the 
edge. As shown in the drawing, there is a row 
of nails beneath the nosing and also on the top 
of it, which gives the appearance of firm fixing. 
But owing to the thinness and softness of the 
woodwork these nails have very little grip, and 
are dragged out so that they follow the now of 
the lead. If of a good size the nails split the 




Fig. 684. 

nosing off the step, and if they are only f in. 
long and driven in an inch or so apart they 
have the same result Over and over again, the 
present writer has found the nosing broken 
down, and when the foundation has gone there 
is then no support or fixing for the lead. . When 
repairing such staircases the deal nosing of the 
treads as well as the lead has frequently to be 
renewed. After the lead has been renewed two 
or three times, so many holes have been made 
that there is no longer any grip for the nails. 
When the whole depth of the stair-tread is 
covered the nails can be driven in further apart, 
and the woodwork is then less injured ; but the 
trouble of the front edge, which is nailed to the 
under-side of the nosing, still remains. This 
edge frequently curls outwards, as shown by 
dotted lines at H, Fig. 684, and results in many 
accidents to those walking upwards. Some- 
times the nailing is done on the front of the 
nosing instead of the underside, but this method 
is worse than the other and aggravates the evil 
referred to. 

With good substantial oak or teak staircases, 
a much better job can be made. The treads 
being thicker, slightly stronger nails can be 
used and driven in further apart The front 
nosing can also be made more rounded and 
thus present a larger surface for stepping upon, 
as can be seen by comparing those shown by 
Figs. 678, 679, 681 and 682, with that shown by 
Fig. 684, and which would result in the lead 
wearing longer. But the nosing should not be 
too much rounded, or it would form a slope on 
which people would slip. 

With wood as with stone stairs the treads 
need not be covered their entire length, excepting 
under the special circumstances which have 



been referred to. Neither is it advisable to 
cover the risers, as this adds to the dark 
appearance of the staircase and renders it less 
easy to distinguish the steps. And, again, the 
lead does not look so smart as the woodwork, 
especially when the latter is French polished. 

Fig. 685 is a plan of the lower steps, covered 
with lead, of a polished oak staircase in a City 
office, and which was done by the present writer 
some years ago. The whole of the treads, 




Fig. 685. 

excepting the two lowest, were prepared on a 
dummy and fixed without doing any injury in 
any way to the exposed polished woodwork. 
Paper patterns were made and used as stencils 
for the nailing, which it was desired should 
look nice. 

For ordinary work common cut copper tacks 
with fiat beads are used, but in the above case 
they were wrought copper with slightly rounded 
heads. The latter are a little more expensive, 
but are the best, as, owing to their thicker points 
they drive better ; the rounded heads help to 

{>revent people slipping, and also protect the 
ead from wear. When nailing lead with small 
copper tacks or nails, there is a great waste 
owing to their bending, especially when » eing 
driven into hard wood. It is a real economy to 
have a short, stumpy bradawl for making the 
holes to a depth of about half their length, so 
that two or three light blows with a hammer are 
sufficient to drive them home. With cut nails 
the points are often so very thin that they bend 
sideways, and in that position are driven into 
the face of the lead, out of which they have to 
be prised, ugly marks being made in the process. 
Even when such nails drive all right, in the 
endeavour to get the heads level with the lead, 
hammer marks are made on the latter and look 
unsightly, especially when the tool has sharp 
edges or a hollow, broken face. 

As with stone stairs, so with those made of 
wood ; brass bars and plates for fixing the lead 
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are much the best and, when kept well polished 
and bright, look smart and help to show up 
each individual step so that it is conspicuous to 
the eyes of those wno use the staircase. 

During an employment extending between 
two and three years at a plumber's shop in the 
City of London, the writer frequently had to 
repair the lead on the staircases of offices and 
restaurants, and in order not to interfere with 
the business of those establishments had to 
work during the night-time. Sometimes not 
only was the lead worn right through in places, 
but also the woodwork to a considerable extent. 
Many ot them had been repaired so many times 
that the nails would scarcely hold. Time not 
allowing for renewing the wood treads the 
repairs had to be done as best he could by the 
plumber, and he had to level up worn places in 
the woodwork by pieces of lead shaved down to 
feather edges. In some cases the hollows were 
filled up (although the stairs were wood) with 
plaster of Paris ; and other schemes had to be 
resorted to to make the places safe for use until 
a vacation time arrived, when everything could 
be done in a proper manner. With most of 
these hurried repairs the worn pieces of lead 
were cut out and used as patterns for the size 
and shape of the new pieces, which were then 
fixed with butt edges to the old lead and nailed 
with black or iron tacks, copper nails being used 
only where necessary to match the old work. 
All this had to be done very quickly, and all 
loose edges well secured so that people in a 
hurry could not trip or fall. Not only are the 
proprietors of the above establishments anxious 
for their clients' or customers' safety, but also so 
that they shall not be liable to be sued for any 
damages or injury that may arise from defective 
stairs. 



Lead on landings and in passages does not 
require much fixing, excepting near the foot of a 
staircase, but it should have periodical attention 
by the plumber. The edges flow outwards in 
places and should be straightened by tnmming 
with a drawing knife. Sometimes, especially 
when laid on stone, the edges curl upwards and 
dirt gets beneath ; but this dirt can easily be 
removed and the lead dressed down close to the 
floor by a few gentle taps with a flapper, which 
causes it to fit close to any little irregularities. 

In many places, such as the kitchens of clubs, 
hotels and restaurants, when situated at the 
tops of the buildings and having rooms beneath, 
the floors should be watertight and impervious 
to moisture. In new buildings concrete floors 
can be constructed, but in old buildings with 
wooden floors lead is about the only covering 
that can be adopted or used. But this metal is 
not entirely satisfactory for this purpose, owing 
to the greasy condition it gets into and the 
difficulty of the servants keeping their feet when 
moving about quickly. Sawdust is sometimes 
sprinkled about for preventing people slipping, 
but this is not so good as sand, although it may 
be thought more cleanly when the uses of the 
place are considered. 

Sheet lead coverings to staircases in railway 
stations and similar places have not been found 
satisfactory. Probably this has been because a 
too rigid economy was practised and light metal 
used. If heavier lead, say 10 lbs. per square 
foot, which is about 3-i6ths of n inch thick, had 
been fixed the results would have been different 

Numbers of patented treads have been intro- 
duced during the last lew years, especially for 
resisting wear by heavy foot traffic, and some of 
these answer very well, especially those having 
lead insertions on the surface. 



POSITIONS FOR SOIL PIPES. 



A RECENT law case has again brought up 
the question as to whether soil pipes 
should be fixed inside or outside buildings. 

As the subject is one of interest, a short 
rtsumd of what has been done in years gone by, 
and thus led up to present conditions, may 
help to a clear understanding of the problem 
suggested by the above heading or title, and 
whether existing regulations on the matter are 
entirely satisfactory. 

As an introduction it may be stated that we 
have no evidence that, until these last few 
years, there were any rules or regulations, or 
guiding authorities, or literature, on the subject 
That there was some uniformity of action 
amongst a section of the older plumbers is only 
reasonable to suppose, as the whole of the old 
work now in existence could not possibly have 
been executed under one man's directions, and 



yet there is a great deal that was constructed 
on common lines. If there were any authori- 
tative regulations they have either been lost, 
destroyed as being of no value, or locked up in 
the archives of the Plumbers' Company, which 
body originally took the lead in all matters 
appertaining to the trade. 

It was not until a water supply was intro- 
duced into London that water-closets were 
used. Originally the supply was at such a low 
pressure that the water would not rise to any 
great height, and for lofty buildings it ran from 
the street main into basement tanks, from 
whence it was pumped by hand to the upper 
cisterns. Under such circumstances water- 
closets were not fitted so much in the higher 
parts of houses as they are at the present time. 
Hence long lengths of vertical soil pipes were 
not much used. But as the supply of water 
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was increased in volume, a greater pressure 
was obtained, and iron mains were substituted 
for those made of wood, sanitary conveniences 
became more general and were fixed at higher 
levels, thus necessitating longer stacks of soil 
pipes. 

As upstairs water-closets became more used 
they were almost invariably fixed in, or near, 
the centres of the houses, and of necessity the 
soil pipes were situated throughout their length 
inside the building. These usually discharged 
into cesspools constructed beneath the base- 
ment floors, and really constituted the drains 
from the upper portions of the houses. To 
them were connected the rain-water pipes from 
the roofs, waste pipes from sinks, and also the 
waste and over-flow pipes from the cisterns which 
held the water used for all domestic purposes. 

The introduction of a high-pressure service 
led up to what may be termed a new class of 
work, for which there were no precedents. 
Everything must have been done experi- 
mentally, although plumbers at that time 
doubtless gave careful thought and considera- 
tion to the work in hand. Little by little they 
gained experience, and the records of the 
various patents for sanitary appliances give 
proof that there were people who were con- 
stantly studying how to improve the sanitary 
arrangements of houses Considerable pro- 
gress must have been made, and we of the 
present generation can only claim that we are 
continuing on the lines of those who lived 
before us. 

On going over several old historical buildings, 
the writer has never yet seen a stack of soil pipes 
fixed outside excepting in cases where new or 
modern sanitary works have been carried out. 
He has seen a pipe 9 in. in diameter made out of 
cast sheet lead, and having wiped soldered seams, 
fixed inside a building, and although there was 
an inside incrustation, or fur, 2 in. in thickness 
it was in as good condition (excepting the 
horizontal portions, the upper sides of which 
were corroded or eaten into holes by the 
accumulation of sewage gases inside) as when 
fixed, perhaps, a hundred years ago. 

As to literature, the oldest book the writer 
has seen on plumbing was shown to him about 
sixteen years ago by a French friend, a master 
plumber in Paris. But this did not refer to soil 
pipes in any way, the principal items of interest 
it contained being those on casting lead into 
pipes and sheets. 

The earliest modern book the writer can 
trace was based on a series of articles published 
in the Building News and reissued in book 
form in 1876. These were written by the late 
Mr. W. Paton Buchan, of Glasgow, who com- 
plained of the want of a text-book on plumbing, 
and so " had to set to work and make his own 
notes the best way possible under the circum- 
stances/ On referring to this book, the only 
reference to the position of soil pipes is a 
statement as to " their liability to being frozen 



up in frosty weather" when fixed outside, and 
to the quality of the pipe and method of jointing 
when fixed inside. 

In 1877 Mr. S. Stevens Hellyer, who may be 
called the pioneer of modern sanitary plumbing, 
issued a book entitled "The Plumber and 
Sanitary Houses," in which he states, " when 
the plumbers are skilled .... and where 
honest materials are used .... it matters 
little whether the soil pipe is inside or outside, 
but where the builder or plumber cannot be 
depended upon .... or where the handworker 
is not skilled .... I would insist upon the soil 

Eipe being fixed outside the external walls of the 
ouse." In a course of lectures given by the 
same gentleman in the rooms of the Society of 
Arcs, he stated, " I would not pull down a house 
and rebuild it to get the soil pipe outside, but 
wherever it is at all practicable, and in all new 
houses, I would insist upon the soil pipes being 
fixed outside, unless special circumstances 
called them inside, and this would, no doubt, be 
the case in some instances " 

In a foot-note the same author says, "The 
durability of a soil pipe fixed externally, and 
exposed to the rays of the sun, would be nothing 
like so great as a soil pipe fixed inside a house 
or where the sun could not reach it." 

In 1884, the year of the Health Exhibition, in 
a handbook written by the late Mr. W. Eassie, 
C.E., after describing soil pipes, their con- 
struction, &c., the author goes on to say: "The 
golden rule with regard to soil pipes is to fix 
them outside the house whenever this can by 
any means be done." And, again, the same 
author in u Our Homes" says, " Soil pipes . . . 
should be on all possible occasions taken up 
outside the house." 

In the same year, 1884, the late Mr. Ernest 
Turner states, in a small treatise written by 
himself, "The soil pipe should always be 
carried outside the building." 

In Mr. P. J. Davies* ** Standard Practical 
Plumbing," published in 1885, the position of 
soil pipes is not dealt with in any way. 

In a series of articles contributed by the 
author to the Sanitary Engineer, New York, 
during the years 1883-7, many actual defects in 
soil pipes, fixed both internally and externally, 
that had come under his notice, were described, 
and in his book, " Lectures to Plumbers,"* he 
makes the following statement, " prominent 
sanitary plumbers make it a standing rule to fix 
tne soil pipes outside the house whenever 
possible. I also think that they should be so 
fixed, and always do so where 1 can." 

In the Model Bye-laws issued by the Local 
Government Board in 1877 for the guidance of 
sanitary authorities, Clause 66 states: "He 
shall cause the soil pipe from every water-closet 
in such building .... to be fixed outside such 
building." 

In the Bye-Laws made by the London 

• xst Series, p. 125. 
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County Council under the Public Health 
(London) Act, 1891, Clause 4 states, "Any 
person who shall provide a soil pipe in con- 
nection with a building .... shall cause such 
soil pipe to be situated outside such building, 
and any person who shall provide or construct 
or refit a soil pipe in connection with an exist- 
ing building shall, whenever practicable, cause 
such soil pipe to be situated outside such 
building, and in all cases where such soil pipe 
shall be situated within any building shall 
construct such soil pipe in drawn lead, or of 
heavy cast iron jointed with molten lead and 
properly caulked." 

Hence we find the general concensus of 
opinion amongst the leaders in sanitary 
questions during these last 22 years is in favour 
of the outside position, in some cases qualified 
by such statements as " where practicable," or 
"unless special circumstances called them 
inside." 

In analysing the subject the first question to 
be answered is : What is a soil pipe ? In short 
terms we may describe it as a c * tilth pipe/ 1 or 
" a continuation of a filth drain." This being 
so, why is more stress laid upon the position of 
a soil pipe or vertical drain, which is accessible 
for examination or repairs, than upon that of 
an underground horizontal drain which is in- 
accessible and can neither be seen nor repaired 
without going to considerable expense and 
trouble ? Those who have constant experience 
in such matters know quite well that when 
testing the sanitary conditions of houses quite 
as many, if not more, defective drains are found 
than leaking soil pipes, and consequently the 
former should have the most careful attention 
paid to them with regard to position. 

A second question is : " Why have so many 
authorities agreed as to the outside position for 
soil pipes ? To find the root of this we must go 
back to the time » hen the doctrine began to be 
preached. At that time many soil pipes were 
found to be fixed in all manner of unsuitable 
positions, such as through drinking water 
cisterns, food larders, bed and living rooms, &c 
Many pipes were found to be old and defective, 
in some cases patched and imperfectly repaired. 
The water-closets attached to them were so 
placed that they could not be ventilated, and 
the odours from them pervaded the adjoining 
rooms. Under such conditions it was felt that 
the only satisfactory remedy was to remove the 
whole of the appliances and fix them near 
external walls where light and ventilation could 
be had in the closets, and the soil pipes could 
be carried outside instead of passing through 
rooms or other objectionable places. 

At the time this began to be practised the 
evil effects of sun and weather upon the pipes 
had not been experienced to the extent that we 
now know to be the case. An observer cannot 
but be struck with the number of soil pipes 
exposed to the sun and broken by its action, 
even after being fixed for only a few years. 'Tis 



true the defects are out-of-doors, but if the pipes 
had been inside they most probably would not 
have arisen. 

A third question is in connection with the rules 
and regulations issued by sanitary authorities. 
Laws are made for the benefit of the community 
and the suppression of abuses. The right- 
minded individual has no fear of the law, but 
looks upon it as a protection against those 
whose principles are not grounded on right 
lines. Laws, too, are guides for the actions of 
those who are in doubt as to what is the right 
thing to do under certain circumstances. Many 
of the public are limited in their means, others 
are so infatuated by the principles of chtapness 
that they allow their houses to become insani- 
tary or do everything as economically as they 
can and have the cheapest work they can 
obtain. Hence dishonest tradesmen and those 
who are lacking in experience execute a great 
deal of sanitary work in a very indifferent 
manner, and which would be worse still but for 
certain laws and regulations to which they must 
conform. The makers of 'sanitary laws have to 
study the people who have limited means as 
well as those who are rich And such laws 
have to be made to suit all classes. Hence it 
is that those who are in authority consider it to 
be their duty to have the strict letter of the law 
carried out irrespective of circumstances, and 
this applies also to those dealing with the posi- 
tions or soil pipes. 

But there is a difference between houses 
occupied by those with limited means and those 
who are wealthy. In one case, excepting the 
public inspector, there is no proper supervision ; 
and in the other nothing is done without an 
architect, engineer, or other competent person 
to design and superintend the work when being 
done by an expert firm who employ only the most 
skilled workmen and use the best materials. 

In mansions, hotels, clubs, and similar high- 
class buildings, with fronts designed with a 
view to appearances, it is doubtful wisdom to 
insist upon having the soil pipes outside, and 
not only architects but their clients object to an 
unsightly array of pipes showing on the eleva- 
tions of their houses. 

It may be said that the back sides of build- 
ings are the proper positions for sanitary 
fittings, but with double-fronted premises, or 
those with only a light and air shaft at the back 
or in the centre, consideration should be shown 
and an inside position allowed. And, again, 
why should it be imperative that an architect or 
owner must have the main walls of his buildings 
mutilated and weakened by cutting large holes 
through them at each floor level for the branch 
soil pipes to pass through ? 

In many large buildings sanitary conveni- 
ences are fixed on each floor, and a second pipe, 
to ventilate the traps, is necessary. This pipe, 
with its branches, in many cases is fixed inside 
the building, and as it is filled with air from the 
soil pipe and drains it is equally dangerous 
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with the latter. When fixed outside it adds to 
the already unsightly appearance and weaken- 
ing of the walls. 

When water-closets are fixed in ranges on the 
various floors horizontal soil pipes are necessary, 
and when fixed outside they not only look ugly 
but there is frequently some difficulty in getting 
them past windows. With many of the lofty 
buildings in London the difficulty of repairing a 
broken pipe fixed outside is very great in* 
deed. 

With the materials and skilled labour at 
command good, substantial work can be done, 
and, surely, under such conditions some latitude 
and a departure should be allowed in special 
cases from rules that have been laid down on 
general lines, but which are chiefly intended for 
low-class property which is constructed by 
inferior builders without proper superintendence. 
In carefully designed dwellings all sanitary 
fittings are, or should be, in special wings, in 
which case the soil pipes should be allowed 
inside when so desired. 

By all means, do everything possible for the 



benefit of people's health, but it is doubtful if 
the insistence of an outside position under all 
conditions is an advantage. But when an in- 
side position is selected, the whole of the soil 
and other pipes in connection should be tested 
by filling them with water to ensure the dis- 
covery of any possible defects if existing. If 
this were done there would be no risk of danger 
of ill-health to those who use such places, and 
after all that is, or should be, the primary con- 
sideration. 

To conclude, with an experience of later 
years, it is the writer's opinion that there should 
not be any fixed regulations to apply to all 
classes of work, and that in some cases an inside 
position for soil pipes should be allowed. And 
if existing laws are found to work unsatis- 
factorily, they should be altered or so modified 
as to meet special cases. 

It may be added that it is a serious reflection 
upon the craft of the plumber if good, sound 
workmanship of this character cannot be exe- 
cuted in a manner satisfactory and suitable for 
fixing inside a building. 



THE END. 
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Access doors for removing obstruc- 
tions in soil pipes, 44 
Accidents by slipping on staircases, 

132 
Accident to Prince of Wales on 

staircase, 132 
Accumulator attached to hydraulic 

main, 116 
Action of hot water on lead in 
sinks, 85 
( >f syphonic W. C. , 16 
Of water waste preventing 
cistern, 13 
Advantages of lead traps to W.C's, 9 
Of valve and regulator to flush 

W.C., 12 
Of W.C., 17 

Of "after-flush" to W.C., 12 
Air-bound waste pipe, 49 
Air connection between W.C. and 
drinking water cUtern, 34 
Currents in Turkish baths, 63 
In wells feels cool, 121 
Air-pipe to syphon, 14 
Air pollution in Turkish bath, 63 
Air-tight, coffins should be, 20 

W.C. floors, 41 
Air vessel, use of, 109 
Always advisable to consult Sanitary 
Authority before reconstructing 
W.C, &c, 39 
American practice, 45 

Wash-basins, 68 
Architects and obedience to bye- 
laws, 37 
Arrangement of sinks in a scullery, 

93,95 
Artesian well in Buckinghamshire, 

124, 125 
Attendant and his duties, 71 
Automatic acting flushing tank, 92, 93 



Bad forms of housemaids' sinks, 98, 99 

Shape of W.C. traps, 8 
Barge floats in canal, 17 



Bath cork to stand upon, 61 

Enclosures, 47, 48 

For children, 47 

Hewn out of solid block of 
granite, 49 

Overflow pipes, 49, 50, 55 

Room, intermittent smells in, 39 

Room and steam from hot 
water, 57 

Waste air-bound, 49 

Waste, old style, 57 

Waste pipes, 49 

With combination waste and 
overflow, 56 

With large waste valve, 56 
Baths, 46-63 

For helpless patients, 62 

Medical, 62 

Not to be connected to soil 
pipe, 38 

Should empty quickly, 49 

Should be filled over the top 
edge, 55 
"Battery" W.C, 4 
Bedroom slops, 98 

W.C. in, 33 
Believers in pan-closets, 4 
hell trap in scullery sink, 90 
Bends in iron pipes choked with 
rust, 44 

In soil-pipe ventilators, 36, 37 

In W.C. flushing pipes, 10 

In water pipes, 128 
Bi-carbonate of lime in water, 105 
Birds in vent pipes, 54 
Block-and-fall for hoisting loads, 

119 
Boilers and their strength, 1 14 
Boiling water in housemaids' closet, 

98 
Boot room sink, 97 
Borrowed light in W.C, 41 
Bossed lead lining to sinks, 85 
Bossing " breaks," 29, 31 

Corner for an undercloak, 27 

Lead pipe, with branches, out of 
sheet lead, 28 

Mallet, 26 

Stick, 26, 27, 30 

Up chimney breaks, 32 

Up lead corners, 24 



Bottles broken by expansion of water 

by frost, 123 
Bottle racks in butler's pantry, 96 
Boxwood dresser, 27 

Mallet 26 
Bracket closets, 9 
Brackets under W.C seats, 9 
Bramah, inventor of valve W.C, 17 
Machine for making lead pipe, 
117, Xi8 
Branch services and their discharging 
powers, 130 
Waste pipes should be ventilated, 
54 
Brass-plugs break wash-basins, 69 
Brass socket for joining earthenware 
trap to lead soil-pipe, 38 
Thimble to connect lead to iron 
soil-pipe, 37, 43 
Breakage of marble top to wash 

basin, 72 
41 Breaks," bossing, 29, 31 
Breathing air that had passed through 

a waste pipe, 72 
Brick piers to carry sinks, 87 
Bronze coins washed out of W.C. 

trap, 16 
Brushing-room sink, 97 
Buchan, Mr., on positions of soil- 
pipes, 138 
Butler's sink, 95 
Byelaw, difficult to interpret, 37 



Cabinet wash-basins, 67, 71 
Cam-action valve, 73, 74 
Canvas shutters to dairy windows, 103 
Capacities of pipes, 125 

Of wells, 125 
Capillarity in holes of shower bath, 58 
Capillary tubes, 1 10 
Cappings on sinks, 84, 85, 86, 90 
Cardwire, 22 
Case of defective drain in laundry, 

107 
Cast-iron bath, 47 

Mains broken by frost, 122 

Waste-pipes, 51 
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Caulked joints to iron soil pipes, 36 
Cause of damp beds, 98 

Of land-slips, 120 

Of pipe bursts, 122 

Of springs, 120 
Cement, red lead, 6 
Chains to wash-basin plugs, 69 
Chalk-line for marking-out lead, 25 
Change of temperature affects water, 

121 
Channels in laundry floors, 105 
Charging traps to W.C. overflow, 18 
Charm in W.C. basin, 1 
Chasewedge cuts lead, 24 
Children's baths, 47 

Fingers trapped in self-closing 
doors, 34 

Should not use adults' W.C, 

4i 
Chimney breaks, lead bossed up for, 

32 
Cistern over a W.C, 3 

Overflow pipes, 51, 52, 131 

Waste-pipe to W.C. trap, 3 
Cleaning floor under wash-basins, 71 

Lavatory valves, 74, 75 

Out grease-traps, 91 
Cleanliness essential in dairy, 105 
Cleansing basin overflow-pipes, 81 
Clear spaces beneath wash-basins, 71 
Clear-way passages for waste water, 

69 

Clients and their advisers, I 
Of the old school, 2 

Cliffs pushed into the sea by hydrau- 
lic pressure, 120 

Closets in old country mansions, 18 

Cobweb grating, 89 

Cock and union for hose should be 
hxed in daiiy, 104 

Coffin lid, vent-hole in, 22 
Should be air-tight, 20 

Cold air passes through bath over- 
flow, 55 

"Combination" baths, 59 

Sinks, 100, 101 

Combined waste and overflow to bath, 

56 

Common long-hopper basin, 1 
Concrete floors, 33, 103 
Concussion in pipes, 74 
Condensation outside W.C. flushing 

cisterns, 13 
Condensed steam in laundry, 105 
Coned inlets to water pipes, 126 
Connecting lead to iron waste-pipes, 

50 
Connection between W.C. and drink- 
ing water cistern, 1 1 
Of earthenware traps to iron 

soil-pipe, 38 
Of service pipes to bath, 57 
Of service pipe to W.C. basin, 

129 
Of waste pipe to laundry tub, 
106, 107 
Construction of valve W.C, 18 
Of water bellows, 115, 116 
Of water-waste preventing cis 
tern, 13 



Contracted vein in water jet, 126, 

127 
Container not allowed, 35 
Container of pan-closet, 3 
Contents of trap forced into safe, 3 
Cooling shelf in dairy, 104 
Copper baths, 48 

Flap on end of safe- waste, 40 

Hinged flaps on end of waste 
Pipes, 55. 5 6 

Hood on end of safe-waste, 40 

In dairy scullery, 104 

Lined bath, 47 

Waste-pipes, 51 
Cord through rolls of lead for hoisting, 

2 5 

Cork to stand upon, 61 

Corner, how to boss up, 27 

Corners of lead sinks bossed up, 85 

Corpse covered with lead, 23 

Corrosion inside iron soil pipes, 44 
Weakens boilers, 1x4 

Corrugated draining boards to sinks, 
90, 91 

Country plumbers and town plumbers, 
28 

County Council shall make bye- 
laws, 33 

Covering coffins, 20, 21 

Stairs with lead, 132-137 

Covers to sinks, 96 

Cowls on soil-pipes, 37, 54 

Cow's udder fouled by contact with 
excrement, 102 

Cradling to bath, 47, 58 

Crane-neck cock, 76 

Crippled bends in W.C flushing 
pipe, 34 

Crockery-ware broken in sinks, 86 

Crossbars in sink waste connection, 

89 
Wa*te connection to wash basin, 
68 
Crotchety clients, 35, 46 
Curtains to shower baths, 59 
Cutting away unnecessary lead when 
bossing, 25 
-Out knife for lead, 25 
Out lead for coffin, 23 



Dairies should have glazed brick, or 
tiled walls, 103 
Not have drains inside, 103 
Dairy floors should be impervious, 

103 
Scullery, 104 
Shelves fixed on cantilevers, 

103 

Should be well ventilated, 103 

Windows, 103 
Deep seal traps, 16, 81 
Defective closet partitions, 3 

Drain in laundry, 107 

Joints of W.C. traps to soil pipes, 

19 
Defects in pan-closet, 3 



Depth of bath, 46 

Of various sinks, 87 
Diameter of unions to flushing cisterns, 

34 
Differences of opinion as to treatment 

of waste pipes, 52 
Difficult piece of lead bossing, 29 
Difficulty of flushing long -hopper 
basin, 1 
Immersing floating matter in 

W.Cs, 15 
In interpretation of bye-laws, 37 
"Dip" of W.C trap, 8 
Dirt on sides of wash-basins, 66, 67 
Dirty tools, 27 

Water sucked into service pipe, 

34 
Disadvantages of wood washing trays, 

106 
Disconnecting waste pipes, 45, 102 
Trap for housemaid's sink waste, 
101, 102 
"D" trap, 3 

Not allowed, 35 
Under wash-basin, 68 
Discharge of water through an orifice, 
125, 126 
Through short tube, 126 
Discharging waste water on to roof, 

77, 7» 
Diseases transmitted by using wash- 
basin, 66 
Disgusting appearance of W.C, 4 
Displacement of water when entering 

bath, 55 
"Displacer" in waste - preventing 

cistern, 14 
Disposing of bedroom slops, 98 

Grease from scullery sink, 90 
Distance from windows of soil -vent 
pipe, 36 
Of W.C trap from back wall, 41 
Domestic economy in schools, 98 
Domical grating on vent pipe, 54 
Doors and fastenings to W.C's, 33 
Draining board in dairy s ullery, 104 
Draining boards to sinks, 86, 90, 91 
Drains, flushing, I, 68 
Draught through safe waste pipe, 41 
Drawing water from a W.C flushing 

cistern, 4 
Dribble of water into W.C, is use- 
less, 10 
Drinking water drawn at lavatory 
valve, 76 
That had " passed" 
through a waste 
pipe, 72 
Dry sides of W.C basin, 18 
Dwarf partitions between W.C's, 41 



Earth closet to have entrance outside, 

33 
Used where limited 
water supply, 17 
Earthenware to iron joints, 5 
To lead joints, 5 
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Eassie, Mr., on position of soil pipes, 

138 
Effects of sun on outside soil pipes, 

139 
Enamelled fire-clay baths, 48 

Sinks, 86, 87 
Vegetable washers, 

93 
Iron baths, 48 
Enclosed combination baths, 60, 61 

Wash-basins, 67, 68, 71 
Enclosures to sinks, 96 

To W.C's, 42 
Engineers and laymen, I 
Entrances to W.C's, 41 
Equilibrium of air-pressure on water 

in trap, 16 
Evaporation of ice, 123 
Every closet must have a flushing 

cistern, 34 
Evils of connecting bath waste to 
soil-pipe, 38 
Copper flaps in safe wastes, 40 
Enclosed W.C's, 42 
Grease traps, 91 
Hollow partitions bet ween W. C. 's 

and rooms, 33 
Improper partitions between 

W.C's, 41 
Long pull to valve W.C., 18 
Open heads on waste water 

pipt-s, 51, 52, 82 
Waste pipe emptying over gully 

trap, 52, 54 
Wet towels, 98 
Example of heavy iron soil - pipe 

fixed inside an asylum, 44 
Excreta to be floated through drains, 

17 
Expansion and contraction, 73 

And size of feed-cistern, 121, 122 

By heat, 121, 122 

Of brass connections break bath, 

48, 49 
Joints in hot-water waste pipes, 

T 50 

In waste pipes, 51 
Of metals, 5 
Water, 108, 121 
On being converted to ice, 1 10 
Experience gained from our pre- 
decessors, 4 
Experiments with frozen-water inside 
pipes, 122 
Glas3 bottles during frost, 122, 

123 
Experts disagree, 52 
Express train carries a "skin* of air 

with it when travelling, 127 
Extreme cold causes expansion of 

water, 121 



Fads and fancies of clients, 53 
Falling bodies and their velocity, 

10, 125 
False floor in W.C, 42, 43 



INDEX. 

Far-reaching bye-law, 39 
Filth behind scullery sinks, 85 

Sticks to sides of W.C. basins 

when dry, 18 
Fireclay retort for heating Turkish 

baths, 63 

W.C, 4 

Fire in bedroom for soldering down 

a coffin, 22 
Fittings for emptying wash-basins, 68 
Fitting up a Turkish bath, 62 
Fixing flaps to W.C seats, 41 

Lead on stairs, 134 

Shampoo appliances, 77 

Sinks, 87 

Valve W.C, 40, 41 

W.C's, 32 

W.C's in fireproof buildings, 42 

W.C seats, 41 
Flies and dust to be kept out of 

dairies, 103 
Floors of fireproof buildings should 
not be mutilated, 42 

Of laundries, 105 
Flushing cisterns to slop sinks, 101, 
102 

Cisterns to W.C's, 10, 11 

Cistern, syphon action, 14 

Housemaids' sinks, 99 

Pan-closet, 3 

Rim to slop-sink, 100, 101 

Rims to W.C basins, 5, 19 

Tanks to drains, 17, 92 

"Washdown" W.C's, 10 

"Washout" W.C's, 10 
Flush to W.C's compulsory, 34 
" Flushout " grease trap, 92 
Fluted lead pipes, 124 
Folding lavatory basins, 76 
Food larders, 102 
Force of expansion of ice, 123, 124 

Pumps, 116 
Forms in which water is seen, 108 

Of vessels to resist hydraulic 
pressure, 112 
Foul air sucked into water service 

P»P«, 34 
Drains, and scarcity of water, 17 
Fouling of walls round wash basins, 72 
Foul matter in trap of W.C over- 
flow, 18 
Four- way piece bossed out of sheet 

lead, 29 
Freezing point of water, 122 
Friction of entry into water-pipe, 126 
Of water scours inside of waste 



pipe, 70 
Ofw 



water in pipes, 127 
Frictional surfaces inside water- 
pipes, 128 
Frost breaks cast-iron water mains, 
122 
W.C traps, 5 
Frost-bursts, always lengthways with 
pipes, 122 
Near branch joints in pipes, 122 
Frost causes stoppage in outside 
waste-pipes, 82 
Injures pumps and valves, 123, 
124 



H3 

"Full-way" ball valve to water- 
waste preventor, 14 
Gratings to sinks, 89 
Fur in pan-closet containers, 3 



Galvanized iron soil-pipes, 44 

Wrought-iron waste-pipes, 50 
Iron cylinders and their strength, 
114 
Garbage barrow, 94, 95 
Bin in scullery, 94 
Shoot in scullery, 94 
General services and how to calculate 

their sizes, 130, 131 
11 Gill " stoves, 63 
" Glory-holes " under sinks, 96 
Good forms of housemaids' sinks, 99, 
xoo, 101 
Kind of valve W.C, 19 
Gratings over channels to receive 
waste water, 55 
To sink overflows, 89 
Grease blocks up waste pipes and 
drains, 90 
Intercepting trap, 90 
Should be solidified before 
pa-sing into drains, 92 
Grease-traps are nuisances, 91 
Grease-trap with flushing tank, 92 
Greatest density of water, 121 
Grit injures lead, 25 
Gulley trap grati gs choked with 
leaves, &c, 54 
Should not be inside 
dairies, 103 
Gun-room sink, 97 



H 

Half-turn valve, 74 

Hard sinks bruise silver plate, 95 

Destroy crockery ware, 86 
Head of water, 1 14 
Heating the rooms in a Turkish 

bath, 63 
Heavy • weighted pulls to valve 

W.C's, 19 
Heights for fixing sinks, 88 
Height of bath above floor, 47 
Of wash-basin above floor, 65 
Of slop shoots, 102 
To fix W.C flushing tanks, 10 
Hellyer, Mr., on position of soil 

pipes, 138 
Hidden mystery in a W.C. basin, I 
High backs to sinks, 85, 86 
Hinged copper flap on end of safe 

waste, 40 
Hog- wash barrow, 94 
Holding-down-stick, 26 
Holes in bottoms ol boats, 127 
W.C. seats, 41 
Walls weaken them, 53 
Hollow angles between walls and 
concrete floors, 33 
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Hollow flushing-rims to wash-basins, 

67 
Hollowed angles to lead-lined sinks, 85 
Hopper heads and frost, 82 

To receive waste water, 51, 52 
Horizontal soil-pipe fixed outside, 43 
Hose-pipe and rose for rinsing silver, 

95 
For shampoo, 76, 77 
Hospital baths, 62 

Nurses should not use patients' 
sanitary conveniences, 66 
Hot-water cock breaks marble top of 
wash-basin, 73 
Cylinders and hydraulic pressure, 

112, 114 
Injures waste pipes, 50 
House carpenters as plumbers, 2 
Household laundries, 105 
Housekeeper's stores beneath a 

W.C., 3 
I lousemaid's closets should be venti- 
lated, 100 
Water- tight floors, 101 
Sink, 97, 98 
How drinking water can be contami- 
nated by W.C., 34 
Not to fit up a bath, 57 
To boss a lead pipe out of sheet 

lead, 28 
To boss up a " break," 29, 31 

A corner, 27 
To calculate hydraulic pressure, 
116 
Proper size forW.C. fluk- 
ing pipe, II 
Strength of hot- water cylin- 
ders, 114 
Strength of pipes, 113 
To cover coffins with lead, 20 
To cut out lead for a coffin, 23 
To line a coffin, 22 
To prevent pipes being injured 

by frost, 124 
To use a bossing stick, 26, 30 
Hydraulic lifts, 117, 118, 119 
Hydraulic power to raise a load, 118, 
119 
Pressure forces cliffs into the sea, 
120 
Inside a hill, 120 
Hydraulics, 124 
Hydrometer, 109 
Hydrostatics, 1 10 
Hydrostatic bellows, 115 
Paradox, 115 
Press, 115, 117 



Ice in dirty sink, 96 

Icicles hang round open hopper 

heads, 82 
Ignorance of clients, 1 
Impervious floor under W.C, 40 
Importance of being "thorough" in 

sanitary details, 68 
Improper positions for vent arms on 

W.C. traps, 8 



Improved kinds of slop sinks, 99, 
100, 101 
Pan closet, 3 
Range of wash-basins, 72 
W.C's, 15 
Improving old baths, 49 
Inertia ofwater, 109 
Inflammable gases from grease in 

drains, 91 
Inlet and outlet ventilation openings 

in a closet, 34 
Insanitary arrangement of waste 
pipes, 52 
Bath waste fittings, 56 
Lavatory in a bedroom, 79 
' In an hotel, 79 
Intense cold, action on water, 109 
Intercepting traps, 54 
Intermediary cistern between W.C. 

and drinking water cistern, 1 1 
Intermittent smells in bath room, 39 
Interpretation of bye-law difficult, 37 
Invalid slops 98 
Inventor of valve W.C, 17 
Iron pipe cutters, 45 
Iron, poor material for soil pipes, 44 
Soil-pipe branches, 38 
Fixed outside, 43, 44 
Unequal in thickness, 36 
With screwed joints, 45 



Japanned baths, 48 
Jet of water in down leg of W.C. 
trap. 16 
Into W.C. basin, 5, 15 
Joint, earthenware to iron, 5 
Earthenware to lead, 5 

Trap to iron soil 

pipe, 38 
Trap to lead soil 
pipe, 38 
On outgo of W.C. trap, 6, 7 
To W.C. trap broken by vibra- 
tion of floor, 6 
Trap should be elastic, 6 
W.C. basin to trap, 8 
W.C. trap to soil pipe, 5, 7, 9 
Judging lead bossing at exhibitions, 

K 

Keeping rats out of dairies, 103 
Kerb round swimming bath, 63 
Knife for cutting sheet-lead, 25 



Lamp-oil should be stored in out- 
building, 97 
Lamp-room sink, 97 
Large gratings to sink wastes, 88 
Trap under a small lavatory 

basin, 68 
Waste valve to bath, 56 



Lateral pressure exerted by water, 

no. Ill 
Laundry floors, 105 

Walls*, 105 
Lavatory basin with shampoo cock, 

76,77 
Used as urinals, 76 
Cocks and valves, 73 
Enclosure with urinal inside, 76 
Valves, positions for, 74 
Waste connected to W.C. t»ap, 

79.80 
Waste leaking into drinking- 
water cistern, 79 
Laymen and engineers, I 
Lead bossing, 24 

Difficult piece to do, 29 
Coffins, 20 

Corners bossed up, 24 
Covered railway staircases, 137 
Coverings for staircases, 133 
Cut by chasewedge, 24 
Encased corpse, 23, 24 
Flapper, 25 
Injured by grit, 25 

By nails in man's boots, 

25 
Kept even thickness when boss- 
ing, 27 
Lined coffins, 22 

Sinks, 82-84 
Water- waste preventors, 13 
On roof inside a turret, 32 
Pipe-making machine, 116, 117 
Pulled out of shape when bossing, 

24 
Safes under W.C, 41 
Safe of waste-pipe to, 3 
Scratched with corner of pocket- 
rule, 25 
Seatings to W.C. basins, 9 
Soil-pipe bruised, 3 
Fixed outside, 43 
Trap to W.C, 5-9 
Unsightly tool marks on, 26 
Leaves choke gulley-gratings, 54 
Length of bath, 46 
Lessons learned during frosty weather, 

122 
Light and ventilation necessary in 

closets, 4, 98-100 
Lining coffins, 20 
Liquid grease should not pass into 

drains, 92 
Literature on plumbing, 138 
London County Council and positions 

of soil-pipes, 139 
Long-hopper and pan-closet con- 
demned, 35 
Long *' pulls" to valve W.C's, 18 
Loss of head due to friction of entry 
into pipe, 127 
Bends in pipes, 128 

M 

Making joint on outgo of W.C trap, 

6,7 
Washing trays, 106 
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Making W.C. floors impervious, 42 
Mallet, bossing, 26 

And chasewedge, 24 
Marble bath, 49 

Bench in Turkish bath, 62 
Floor under W.C, 42 
Shelves in pastry room, 96 
Stained by oil- cement, 72, 79 
Top to sink in pastry room, 96 
Top to wash-basin, 65, 72 
Mason's trap, 91 
Materials for baths, 47 
Soil-pipes, 36 
Wash-basins, 65 
Washing trays, 106 
Waste-pipes, 50 
Mechanical joints to W.C. traps, 7 
Metals in constant motion, 6 

Strength of, 113 
Methods for flushing W.C's, 1 1 
Milk dairies, 102 
Milkman washes his hands in milk, 

102 
Milkpails should be scalded and 

sterilised. 103 
Milk should be boiled, 102 
Minimum sizes for soil-pipes, 36 
Mirrors above wash-basins, 72 
Mixing-chamber to shower-bath, 59 
Model bye-laws on position of soil- 
pipes, 138 
Motion in metals, constant, 6 
Multiplication of pressure, 116 
Must not be any connection between 

W.C. and cistern, 34 
Mutilation of walls for waste-pipes to 
pass through, 53 



N 

Nails in floor injure lead, 25 

In men's boots injure lead, 2$ 
National Gallery, well near, 124 
Natural fountains, 125 
"Needle "baths,, 59 
Noise of W.C. heard elsewhere, 41 
Noisy flushing cisterns, 14 
Nonconcussive valves, 73 
No trap between soil-pipe and drain, 

38 
Nozzles of lavatory valves, 75 
Nursery sink, 97, 98 



Objections to combined waste and 
overflow to bath, 56 
Double -valve waste -preventers, 

13 
Horizontal outside soil pipes, 43 
Long-hopper W.C. basins, 1 
Supply cocks fixed at head of 

bath, 57 
Trap forming part of valve W.C, 

19 
Wash-out W.C, 4 



Objections to wood troughs under 

laundry tubs, 107 
Oceans of water take the rotundity of 

the earth, 109 
Odours in Turkish bath, 63 
Oil cement stains marble, 72 
Old armour in bathroom, 57 

Estate bricklayers, 91 

Plumbers difficult to persuade, 2 

School clients, 2 

Style of fixing cocks to bath, 57 
On bossing "breaks" in sheet lead, 

29, 31 
" Corners " in sheet lead, 

. 37 

Connecting waste pipes to soil 

pipes, 45 
Crippled or bruised lead pipes, 

Lining sinks with lead, 82, 83, 84 
Repairing or renewing objection- 
able W.C's, 39 
Rigid joints to W.C traps, 6 
Sterilising dairy utensils, 105 
Washing dirty ice, 96 
W.C. flushing drains, 17 
Open channels in dairy floors, 103 

To receive waste water, 

54 
Hopper-heads in winter time, 52 
Spaces beneath sinks, 87 
Outside W.C's, 33 
Overflow from W.C. safe, 40 

Pipes and how to calculate their 
sizes, 131 
To basins should be 

cleansed, 70 
To baths, 55 
To sinks, 89, 90 
To wash-basins, 66, 81 
To water- waste preventors, 

14 
To valve W.C's, 18 



Paint under-sides of W.C seats, 4 

" Pan closet" and " D" traps, 29 
As slop-sink, 3 
Container, 3 

Pantry sinks used as urinals, 95 

Paper clogs valve of W.C, 18 

Parallel bath, 46 

Particles of water in pipes do not all 
travel at the same velocity, 127 

Partitions, defective near water 
closets, 3 

Pasted paper on soldered seams to 
coffins, 20 

Patented joints for cast-iron waste 
pipes, 51 
Treads for staircases, 133, 137 

"Peaing" lavatory valves, 75 

Penalties for offending against bye- 
laws, 40 

Pervious floors under W.C's objec- 
tionable, 42 

Physical composition of water, 108 

Pipe between W.C basin and trap, 8 



Pipe bossed out of sheet lead, 28 
Burst by freezing of water, 1 10 
Casings convey smells elsewhere, 

33 

How to calculate strength of, 113 
Plaster of Paris not good for bedding 

basins, 72 
Plan of a well-fitted still-room, 97 
Plate rack, 87 

Plug for waste from washing tray, 106 
Plugged waste pipes to sinks, 88 
Plumbers, old school of, 2 

Should study architect's plan 
before executing work, 41 

Find air in well to be cool, 121 

Wiped joints, 38 

Work, setting out, 41 
Plumbing, literature on, 138 
Plunge bath too narrow, 46 
Plunger, side-outlet W.C, 19 
Poor conductors of heat, 124 
Porcelain enamelled iron bath, 48 
Porosity of wood sinks, 86 
Portable baths under beds, objection- 
able, 97 
Position for cocks in sinks, 96 

Housemaid's sink, 97, 101 

Lavatory valves, 74 

Outlet end of soil-pipe ventila- 
tion, 36 

Soil pipes, 36, 137 

Trap-ventilation pipe, 36 

Wash-basins, 64 

W.C's, 33, 138 

Of old soil pipes, 139 

Ventilation connection to W.C. 
trap, 36 
Power transmitted by water, 109 
Practice necessary for student 

plumbers, 30, 31 
Preparing corner for bossing, 24 
Pressure exerted inside vessels and 



tubes, 112, 11 



Of water due 



"3 

to head, no 



Prevention better than cure, 3 
Problems on discharge of water 

through pipes, 128, 129 
Proper positions for soil pipes, 139 
Public "catch on," 4 

Health, London, Act, 1891, 32 
Puff-pipe to a valve W.C, 40 
u Pull-up " lavatory valves, 75 
Pulling up sides of lead bays prior to 

bossing, 26 
Pump barrels burst by frost, 123 
Purses found behind W.C enclosures, 

43 



Quantity of solder for coffin, 20 

Quick-closing valves, 73 

" Quick- waste" to wash-basin, 70 



Rain-water for laundry, 108 

Not to be connected to soil 
pipe, 38 

L 
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Rain-water pipes as soil-pipe venti- 
lators, 39 

To flush sanitary fittings, 17 
Range of wash-trays, 107 
Ranges of wash-basins, 71 
Rats clear grease out of drains, 90 

In sculleries, 94 

Should be kept out of dairies, 

103 
Rattling noises in water-pipes, 109 
" Receiver " under wash-basin, 70 
Red lead cement, 6 
Reflection on the craft of a plumber, 

140 
Relative capacities of pipes, 125, 127 
Discharging powers of pipes, 127 
Repairing lead on stairs, 137 
Lead in sinks, 85 
Pan-closets, 2 
Retaining walls to prevent land-slips, 

120 
Rim and grating, 89 
Seat to W.C., 9 
Rims of wash-basins, 65, 66 
Rinsing sinks, 87, 95 
Rod holes, with caps, in soil-pipes, 44 
"Roman "bath, 49 
Roof should be well swept before 

laying lead, 25 
Rose for shampoo, 77 
Shower bath, 59 
Rotting vegetables, smell offensive, 94 
Rubbish found inside wash-basin 

enclosures, 67 
Rules for discharge of water through 
orifices, 126 
For discharge of water through 

short tube, 126 
For finding capacities of tubes 
and cylinders, 125 
Rust catchers in iron pipes, 44 



Safe strength of metals, 1 13 
Safety valve in hydraulic main, 116 
Safe under bath, 56 
Waste pipes, 40 
Salad sinks, 87 

Sanitary authority to have notice 
before constructing W. C. , &c. 9 

39 
Fittings in Turkish baths, 62 
Saucepan sink, 87, 95 
Save-alls under W.C.'s, 3-40 
Scarcity of water leads to foul drains, 

17 
Scarlet fever and laundries, 105 
School dormitories, wash-basins in, 64 
Scouring sinks, 88, 104 
Scratches in sheet lead, 25 
Scratch-wire, 22 
Screw caps to traps under sinks, 89 

Plug in lead trap, 69 
Scullery sinks, 85-87, 95 

To dairy, 104 

W.C. in, 33 
"Seal "of W.C. traps, 8 
Sea-water, weight of, 108 



Second trap to syphonic W.C, 17 
Secret overflows to baths, 56 
Self-closing doors and children's 
fingers, 34 
Valves, 73 
Separate trap to each wash-basin, 70 
Servants' clean pan-closets, 3 

Empty slops into wash-basin, 64 
Hall sink, 97 

Use hairpins to pick dirt ont of 
corners, 71 
Service box to flush W.C, 18 

Pipes for baths, 129 
" Setting-in " sides of lead bays, 26 
Setting out lead for bossing corners, 25 
Lead to line a sink, 82, 

83,84 
Plumbers' work, 41 
Work prior to bossing 
corners, 24 
Sewage gases and corrosion of soil 

pipes, 44 
Shampoo over wash basin, 05, 76, 77 
Shape of hole in W.C. seat, 41 
Of laundry trays, 106 
Of orifice affects discharge of 

water, 126 
Of valve W.C. basins, 18 
Of wash-basins, 65 
Sheet lead and scratches. 25 
Should be cut through, 25 
Should be opened on smooth 
floor, 25 
44 Shell ' overflows to wash-basins, 66 
Shelves for milk pans, 103 
Shower baths, 58, 59 
Shrinkage of earthenware, when in 
clay state, 8 
Of wood sinks, 86 
Sickness in country mansions, 17 
Side-outlet plunger W.C, 19 
Sinks, 82-102 

Bottom injured by ice-pick, 96 

Fixed on cantilevers, 87 

For dairy scullery, 104 

In china rooms, 96 

In pastry room, 96 

In plate scullery, 96 

Not to be connected to soil-pipe, 

38 

Should have high backs, 85 
"Sits" bath, 59 

Sire of ball-valve to water-waste 
preventor, 14 

Of bath, 46 

Of cistern overflow pipes, 131 

Of flushing tank, 93 

Of overflow pipes, worked ex- 
amples, 132 

Of pipe for flushing W.C, 10 
From flushing tank, 93 

Of piston for hydraulic lift, 118, 
119 

Of soil pipes, 36, 37 

Of traps for sinks, 88 

Of trap ventilation pipes, 35, 43 

Of valve W.C basins, 17 

Of waste pipe, 49 

Of W.C. flushing pipes, 129 

Of wash-basins, 65 



Size of wash-up sinks, 88 

Of waste vent-pipes, 54 

Of W.C. flushing pipe, how to 
calculate, 11 
Skeleton brackets to wash basins, 67 

Needle and shower bath, 61 
"Skin" of water travels with boat, 

127 
Skirtings to vegetable sinks, 93 

To wash-basins, 67 
Slate bath, 49 

Vegetable bins, 93, 94 

Floor under W.C, 42 

Sinks cracked by hot water, 93, 95 

Tops to vegetable sinks, 93 
Slime on roof, from waste water, 77, 

78 
Slip joint to W.C trap, 7 
Slippers worn when laying lead, 25 
Slipping on staircases, 132 
" Slogging" not advisable, 30 
Slop-pails should be scalded and 
cleansed, 98 

Shoots, W.C's as, 5 

Sinks, 98 

Connected to "soil-pipes," 

39 
In hospitals, 39 
Private houses, 39 
Should have flushing 
attachments 39 
44 Slops" foul W.C. and surroundings, 

42 
Slop water causes gulley traps to 

smell offensive, 98 
Slow-closing valves, 73 
Small waste-pipe to lavatory basin, 66 
Smells issue from open hopper-heads, 

5* 

Pass from W.C to water in 
cistern, 3 
Through pipe-casings, 33 
Closet partitions, 34 
Smoke-test to waste-pipes, 52 
"Snorthole" in syphon, 14 
Soap curds in water, 105 

Sinkings in basin tops, 67 
Soil-pipes, bends in, 36 

Continued full-size for ventila- 
tion, 36 
Fixed outside the building, 36 
Galvanised iron, 44 
In America, 45 
Injured by hot water from baths, 

39 
Minimum sice, 36 
Not to be connected to bath, 

sink, or rain-water pipe, 38 
Not to be trapped at junction 

with drain, 38 
In old buildings, 138 
Positions for, 137 
Rod-holes and caps in, 44 
Special junctions for, 44 
Soil-vent pipe, distance from win- 
dows, 30 
Soldering lead coffins, 20 

Lined sinks, 84 
Washer and plug to sink, 89 
Solder, quantity of for a coffin, 20 
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Solidification of water, 109 

Solid wall between W.C and living 
room, 33 

Some objectionable details in connec- 
tion with ranges of W.C. 's, 41 

Sore throat amongst kitchen servants, 

87 
Soundboard and pug around W.C. 

trap, 41 
Space between flap and hole in W.C. 
seat, 41 
Between W.C. trap and floor, 

For retaining filth inside soil- 
pipes, 44 
Sparge pipe inside container, 3 
Special branches for iron soil-pipes, 38 

Made junctions for soil-pipe, 44 

W.C. seats for children, 41 
Specimen of difficult lead bossing, 29 
"Spindle-valve" to flush W.C, 12 
S pouting jets of water, 124 
Spreaders in W.C. basins, 18 
Springs, cause of, 120, 125 
Spring to door of W.C, 34 
Square lead pipe made round in sec- 
tion by hydraulic pressure, 112 
Staircases covered with lead, 132 
Stay rods to soil-pipe ventilators, 37 
Steam hood over boiling copper in 
laundry, 105 

In bathroom, 57 
Steel baths, 47 
Stench from pan-closets, 3 
Steps in W.C, 42 

Outside bath, 42 
Stiffening creases when bossing lead, 

24 
When bossing sheet 
lead, 26 
Stillroom sinks, 96 
Stone stairs covered with lead, 134 
Stoneware sinks, 86 

W.C, 4 
Stoppage in soil-pipe leads to evils in 

bath, &c, 39 
Stored energy in an accumulator, 117 
Stoves for heating Turkish bath, 63 
Strainers in sinks, 85, 90 
Strength of boilers, 1 14 

Hot-water cylinders, 1 14 
Metals, 113 
Soil-pipes, 36 
Students learn more by practice than 

by reading, 30 
Sunk plugs to wash-basins, 69 
Supply cocks at head of bath, 57 

To wash-basins, 72 
Surroundings of wash-basins, 72 
Syphonic-action flushing cisterns, 13, 

Grease trap, 92 
In W.C. trap, 12 
W.C, 15, 16 
Syphon "picks-up," 13 

Starting automatically, 13 
Swan-neck cock, 77 
Sweating room in Turkish bath, 63 
Swimming bath should have a kerb 
round it, 63 



Table- top to W.C basin, 19 
Table of sizes of W.C flushing pipes, 
11 

Of square roots of fifth powers of 
numbers, 132 

Of weights of soil pipes, 36 
Taper bath, 46 

Taps over housemaid's sink, 98 
Tearing strength of metals, 113 
Temperature in Turkish baths, 62 

Of water at greatest density, 121 
Testing soil pipes with water, 45 

Thickness of lead in "breaks" at 
exhibitions, 32 
Thermometer, 121 

To bath services, 62 

To shower bath, 59 
Thickness of lead for stairs, 133 
Thin partitions between W.C/s, 41 
Throwing pailful of water into W.C 

trap, 17 
Tiled floor under W.C, 42 

Walls to dairies, 103 
Time of flush to W.C, 10 
Tinned copper-lined sinks, 86, 95 

Iron baths, 47 
"Tip-up" wash basins, 70 
Tolerating foul drains, 17 
Tools, dirty, 27 

Top edges of lead -lined sinks, 84 
•* Touch" on bossing stick, 27 
Transmitting pressure of water, in 
Trapless closets, 19, 35 
Traps "blow," 102 
Traps emptied by evaporation of 
water, 81 

Fixed out of level, 8 

" Syphon," 102 
Trapping waste pipes from laundry 

tubs, 108 
Trap to intercept soap curds from 
laundry, 105 

To W.C basin overflow, 18 

Under wash - basin should be 
ventilated, 87 

Under W.C, 35 

Without water is useless, 81 
Trap ventilation, 35 
Trumpet mouth overflow to sink, 90 
Tubs used for washing crockery, 
salads, &c, 87 

In sinks, 86 
"Tumbler" to pan-closet, 3 
Turkish baths, 62 

Turner, Mr., on positions of soil- 
pipes, 138 
Turret, lead on roof inside a, 32 
Two openings necessary to ventilate 

a closet, 34 
Typhoid fever and milk, 102 



u 

Ugly appearance of outside soil- 
pipes, 43 
Undercurrent in W.C. basins, 15 



Under-side of W.C seat dirty, 3 
Under- wastes to baths should 'not be 

long, 58 
Unequal thickness of iron soil pipes, 

36 
Unhealthy cow cannot give pure 

milk, 102 
Unions to flushing cisterns, diameter 

of, 34 
Unnecessary labour when bossing a 

lead corner, 24 
Unsanitary odours round wash-basins, 
66 
W.C.'s, 1, 4 
Unsightly tool -marks on lead, 26 
Untrapped overflows to wash-basins, 

79 
Waste-pipes, $5, 72 
Upward pressure of water, ill 
Urinal inside lavatory enclosure, 76 
Usage of W.C.'s in workhouses, &c, 

4* 
Use of an accumulator, 117 

Of hornbeam dresser, 26 
Utilisation of water pressure, 115 



Valve and bellows regulator to flush 
W.C , 12 
Service box to flush W.C, 12 
Cocks injured by frost, 123, 124 
On garbage shoot to keep out 
rats. 94, 95 
Valve W.C., advantages of, 17, 40 
Fixing, 41 

Good for flushing drains, 17 
Not so complicated as flushing 

cisterns, 10 
Overflow, 18 
And size of basins, 17 
Water- waste preventer, 14 
Wear and tear of, 18 
Without wood enclosures, 42 
With trap attached, 19 
With ventilated valve-box, 19 
Vegetable bins, 93, 94 
Hampers, 94 

Kept in drawers in dresser, 94 
Sinks, 87, 93, 95 
Vena eonttacta, 126, 127 
Velocity of falling bodies, 10, 125 
Water passing through W.C, 
flushing pipe, 10 
Vent arms on W.C. traps, 8 
Hole in coffin -lid, 22 
Pipe from coffin, 22 

Fixed as a by-pass for drain 

air, 81 
Same size as soil-pipe, 36 
From lavatory traps con- 
nected to W.C trap ven- 
tilation, 80 
Vents to waste-pipes, 54 
Ventilated valve W.C, 19 
Ventilating pan-closet container, 3 
Traps to wash-basins, 81 
Waste-pipes from housemaid's 
sinks, 102 
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Ventilation of a closet, 34 

Dairy, 103 

Laundry, 105 

Turkish balh, 63 

Waste-pipes, 54 
Ventilator grating on top of soil-pipe, 

37 

Verdigris on taps over pantry sink, 

96 
Vitrified stoneware bath, 49 
Vortex, or whirling motion in water, 
126 
Over waste of wash-basin, 66 
In water in W.C. trap, 10 
In trap of W.C, 1 



w 

Walls for laundries, 105 

Round sinks protected by tiling, 

87 
Weakened by holes through 
them, 53 
Warmth and cold comparative terms, 

121 
Wash-hand basins, 64 

And tops in one piece, 67 
Empty into slop buckets, 64 
For men servants' use, 64 
Fixed clear of floor, 72 
Fixed on iron brackets, 68 
In bedrooms improp rly used, 

64 
In butler's pantry, 64 
In dressing-rooms, 64 
In gun-room, 64 
In kitchen, 64-95 
In overflow "air-bound," 66 
In school dormitories, 64 
In W.C, 64 

Should be trapped separately, 70 
"Tip-up," 70 

With combined waste and over- 
flow fitting, 66 
Untrapped overflows, 79 
" Wash-down " W.C, 45 
Washing-trays, 105 
"Washout "-closet, 48 
Wash-up sinks, 86, 87, 95 

In scullery, 85 
Should not be fixed 

in dairy, 104 
Tubs should be 
cleansed after 
usage, 87, 95 
Waste connection expands and breaks 

sink, 88 
Waste pipes, connecting lead to iron, 
50 
Fixed inside, 51 
From housemaid's sinks, 101 
Fixed outside, 51 
Foul inside, 72 
Galvanised iron, 50 
How to calculate sizes, 129, 130 
Injured by hot water, 50 
Materials for, 50 
Should be ventilated, 54 



Waste should empty beneath grating 
of gulley trap, 82 
Preventer valves, 14 
With "displacer • to start action, 

H 
Valves for wash-basins, 69, 70 
Water flows from one fitting into 

another, 53 
Discharge on to roof, 77, 78 
Should lush drains, 66, 68, 82 
Water, a necessity in a W.C, 1 
Bellows, 1x5, 116 
Companies and overflow pipes, 

55 

Regulations limit the flush to a 

W.C to two gallons, 34 
Contaminated by connection with 

W.C, n 
Drawn from W.C. flushing 

cistern, 4 
Dripping from shower bath 

makes objectionable noise, 58 
Escaping through hole in bottom 

of cistern, 128 
Evaporated out of slop sink 

traps, 98 
Expanded by heat, 108, 109, 121, 

122 
Falling through air, 1 28 
Finds its own level, 109 
Flush to W.C.'s, 17 
Frozen in W.C. pipe, 17 
Hammer in pipes, 14, 113 
Mains and their discharging 

powers, 130 
Not compressible, 109 
Pipes ana hydraulic pressure, 112 
Pipes protected by covering with 

poor heat conductors, 124 
Power appliances, 109 
Pressure in lead -pipe -miking 

machine, 116 
Springs, 125 

Supply should be ample, 17 
Supply to housemaid's sinks, 99, 

100, 101 
Supply to laundry should be 

pure, 108 
Surface in W.C. trap, 5 
Test of soil-pipes, 45 
Waste-preventing cistern, 12, 13 
Waste- preventers, lead lined, 13 
"Wasters," 13 
Waste-preventer, overflow pipes, 

H 
Size of ball- 
valve to, 14 
Weight of, 108, 112 
Whirls round long-hopper basin, 1 
Watery vapour and corrosion of iron 

soil-pipes, 44 
W.C.'s as slop shoots, 5, 98 

And size of flushing pipe, 10 
Basin fixed clear of floor, 33 
To be made of non-absorbent 

material, 35 
To hold water to receive filth, 35 
With table-top, 19 
" Battery," 4 
Entrances to, 41 



W.C.'s, false floor in, 42 
Fixing, 32, 33 
Fixed outside house, 33 
Over drinking-water cisterns, 80 
Floor covered with sheet lead, 42 
Tiled, 42 
Mosaic, 42 
Should be air-tight when 

over rooms, 41 
Saturated with urine, 42 
Flushed by pulling out cistern • 

overflow pipe, 35 
Flushed by spindle valve, 12 
Flushed by valve and regulator, 

12 
Flushed by valve and service 

box, 12 
Flushed by waste water from 

sink, 35 
Flushing cisterns, 10, 11 

Condensation 
outside, 13 
Flushing pipes, bends in, 10 

Table of sizes, 1 1 
Impervious floor under, 40 
Improved, 15 
In bakehouses, 33 
In bedrooms, 33 
In scullery, 33 
In semi -darkness, 3 
In fireproof buildings, 42 
Length of time to flush, 10 
Marble floor under, 42 
Methods for flushing, 11 
Not flushed by dribble of water, 

10 
Not to be approached from habit- 
able room, 33 
Over housekeeper's stores, 3 
"Pan," 1 

Partitions not air-tight, 41 
Pedestal, 4, 5 
Pipes and frost, 12 
Plunger, side outlet, 19 
Require good water flush, 17 
Seat hole should not be too 



large, 41 
lould be 
33 



Shoui 



next an external wall, 



Should have doors and fasten- 
ings, 33 
Should have solid walls when 

next to rooms, 33 
Size of window, 34 
Slate floor under, 42 
Smells offensive from spilled 

"slops," 42 
Steps in 42 
Stoneware, 4 
Syphonic- action, 15, 16 
Tiled floor, 42 
To have traps, 35 
Traps and evaporation of water, 5 

Bad shape, 8 

Broken by expansion of con- 
crete floor, 6 

Frost, 5 

Joint to soil pipe, 5, 7, 9 

"Seal," 8 

To be ventilated, 35 
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Traps, vent arm, 8 

Vent-pipes, sizes of, 43 
W.C.'s valve box, enamelled inside, 19 
Clogged with paper, 18 
Good kind, 19 
Ventilation of closet, 34 
" Wash-down," 4, 5 
"Wash-out," 4,8 
With cistern over, 3 
With lead trap, 5, 9 
Without water flush, 34 
Weak place in marble top to wash- 
basin, 65 
Wear and tear of valve W.C.'s, 18 
"Weight" and "pressure" of water 
distinct factors, 112 
Of fire clay bath, 48 
Of ice, 122 
Of lead for coffins, 20 
Of sea water, 108 



"Weight" of water, 108 

Of soil pipes too light for good 
work, 36 

On W.C. basin when being 
used, 6 
Well near National Gallery, 124 
What is a soil pipe? 139 

Is a valve- W.C. ? 18 
When bossing, lead should be kept 

an even thickness, 27 
Width of bath, 46 
Windows in dairies, 103 

Necessary in a W.C., 34 
Wiped plumber's joint, 38 
Wire grating on soil-pipe ventilator, 

37 
Woful appearance of "tip-up" lava- 
tory basins, 71 
Wood floors in outside W.C.'s, 33 
" Woodite " plug to wash-basin, 69 



Wood sinks, smell offensive, 86 

Stairs covered with lead, 135 
Worked examples of sizes for overflow 

Workmen made ill when emptying 
grease traps, 91 



Y-junctions in iron waste pipes, 51 

York-stone sinks, 86 

Young plumbers headstrong, 24 



Zinc baths, 47 



THE END. 
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List D. 



A List of Standard Books on 

ARCHITECTURE, 

BUILDING • DECORATION 

SANITATION, ETC. 

PUBLISHED BY 

B. T. BATSFORD, 

94, HIGH HOLBORN, LONDON. 

Large 8vo, cloth gilt. i8j. net. 

THE ARCHITECTURE OF GREECE AND ROME. A Sketch 
of its Historic Development. By the late W. J. Anderson, 
Author of " The Architecture of the Renaissance in Italy," and 
R. Phene Spiers, F.S. A., Author of " The Orders of Archi- 
tecture." With 185 Illustrations from photographs and drawings, 
including 43 full-page plates, 27 of which are finely printed in 
collotype. [Just published. 

"As a comprehensive risumj of the history and characteristics of Greek and Roman 
architecture this must certainly he considered to be the best one-volume work of its kind that 
has yet appeared in our language, and one which should be interesting to educated readers 
generally, as well as to those who are in a special sense students of architecture." — The Builder. 

" It is such a work as many students of Architecture and the Classics have vainly yearned 
for, and lost precious years in supplying its place.^ As representing the architecture of Greece 
and Rome the illustrations possess incomparable interest, and the consideration of them alone, 
apart from the text, is an intellectual treat— not a single one can be found fault with as either 
careless or unworthy of its purpose." — The Architect. 

" A vivid and scholarly picture of Classic Art. Though Mr. Anderson's part of the book is 
so able and interesting it is when we come to the Etruscan and Roman portions that the interest 
is even more absorbing, and Mr. Spiers has done all this extremely well, following his descrip- 
tions and comments with apposite and valuable illustrations." — The British Architect. 

Large &vo, cloth gilt. 1 2 s. 6d. net 
ARCHITECTURE OF THE RENAISSANCE IN ITALY. A 
General View for the use of Students and Others. By the late 
W. J. Anderson, A.R.I.B.A., Director of Architecture, and 
Lecturer, at the Glasgow School of Art. Third Edition, with 
64 full-page Collotype and other plates, and nearly 100 smaller 
illustrations in the text, from photographs and drawings. 

"Concisely, and without missing a point, Mr. Anderson traces out the causes from which 
the movement sprang, he shows us the circumstances and surroundings which, acting on the 
individuality of the artists, led them inevitably and almost unconsciously to design as they did. 
It is this careful enquiry into the motives which gives his book its greatest value, and enables 
the student, for the first time, to grasp the true significance of the movement." 

The Builders' Journal. 

1 The book is evidence of earnest study." — The Architect 

" Should rank amongst the best architectural writings of the day."— The Edinburgh Reviruj, 
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2 vols.^folio % handsomely bound in half morocco, gilt jQ% Ss. net, 

LATER RENAISSANCE ARCHITECTURE IN ENGLAND. 
A Series of Examples of the Domestic Buildings erected sub- 
sequent to the Elizabethan Period. Edited, with Introductory 
and Descriptive Text, by John Belcher, A.R.A., and 
Mervyn E. Macartney. Containing 170 magnificent plates 
(1,9 in. x 14 in.), 130 of which are reproduced in Collotype 
from photographs specially taken, and 40 from measured 
drawings by various accomplished draughtsmen. With 153 
further illustrations of plans, details, &c, in the letterpress. 

The above work illustrates in a most perfect and thorough manner the 

principal mansions, country seats, town houses, and collegiate and other 

civil buildings erected during the Stuart, Queen Anne, and Georgian 

periods. 

" One of the most remarkable and fascinating works in architectural illustration which has 

appeared in our time." — The Builder. 

" A very sumptuous and beautiful publication." — The Architectural Review. 
" Every admirer of the Renaissance in this country should possess a copy of this work."— The 
Building News. 

2 vols., large folio, half morocco gilt. £& 8s. net 
ARCHITECTURE OF THE RENAISSANCE IN ENGLAND. 
Illustrated by a Series of Views and Details from Buildings 
erected between the years 1560 and 1635, w ^ tn Historical and 
Critical Text By J. Alfred Gotch, F.S.A., F.R.I.B.A. 
Containing 145 folio Plates (size 19 m. x 14 in.), 118 being 
reproduced from Photographs taken expressly for the work and 
27 from measured drawings, with 180 further Illustrations of 
plans, details, &c, in the Text. 

"The volumes are very beautiful in themselves, and a striking proof of the almost unknown 
wealth of domestic architecture of ancient date in which England stands alone."— The Times. 

" This i9«a collection of illustrations for which we ought to be exceedingly grateful. It is an 
endless pleasure to turn over these tepresentations of houses of so fine a period of our National 
Architecture."— The Builder. 

Large &vo t cloth gilt 21s. net 
EARLY RENAISSANCE ARCHITECTURE IN ENGLAND. 
An Historical and Descriptive Account of the Tudor, Eliza- 
bethan and Jacobean Periods, 1500 — 1625. By J. Alfred 
Gotch, F.S.A. With 87 Collotype and other Plates and 230 
Illustrations in the Text, from Drawings by various accom- 
plished Draughtsmen, and from photographs specially taken. 

" A more delightful book for the architect it would be hard to find. Mr. Gotch shows how 
architecture developed from the pure Gothic through Tudor, Elizabethan, and Jacobean phases, 
until the full Renaissance, when classical features obtained the mastery over our English work. 
The book is quite a storehouse of references and illustrations, and should be quite indispensable 
to the architect's library."— The British Architect. 

" The most charming book that has yet been issued on the English Renaissance."— The 
Antiquary. 

N.B, — This Book is quite distinct from the Author's larger work described 
above, both as regards the letterpress and illustrations. The present is an 
"historical handbook" the other a magnificent collection of illustrations of 
the finest houses of the period. 
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s Thick demy Svo, cloth gtlt. 2 is. tut. 

A HISTORY OF ARCHITECTURE for the Student, Crafts- 
man and Amateur. Being a Comparative View of all the Styles 
of Architecture from the earliest period. By Professor 
Banister Fletcher, F.R.I.B.A., and Banister F. Fletcher, 
A.R.I.B.A. Fourth Edition, revised, greatly enlarged and 
newly illustrated. Containing upwards of 550 pages, with' 256 
Plates, one-half being from Photographs of Buildings, the other 
from specially prepared Drawings of Constructive and Orna- 
mental Detail, comprising over 1,300 Illustrations. 

"Par excellence The Student's Manual or thb History op Architecture."— The 
Architect. 

" A complete, trustworthy, and extremely attractive manual." — The Builder. 

" Immeasurably superior to the original edition. . ." — Architectural Review. 

"The plates are beautiful reproductions from photographs and drawings, and the whole 
forms an up-to-date history of architecture, the perusal of which should be as absorbing to the 
amateur as it will undoubtedly prove stimulating to the architectural student." — Architectural 
Association Notes. 

"... The architectural student in search of any particular fact will readily find it in 
this most methodical work. ... As complete as it well can be."— The Times. 

Large folio, cloth gilt. jQi 10s.net. 

SOME ARCHITECTURAL WORKS OF INIGO JONES. 
Illustrated by a Series of Measured Drawings of the Chief 
Buildings designed by him, together with Descriptive Notes, a 
Biographical Sketch, and a complete List of his Authentic 
Works. By H. Inigo Triggs and Henry Tanner, Junr., 
AA.R.I.B.A. Containing Forty Plates (14 in. x 11 in.), and 
over Forty Illustrations in the Text. 

" The plates are quite perfect as specimens of draughtsmanship, and possess a crispness and 
freedom of nandling which differentiate them from ordinary measured drawings." — A. A. .Votes. 

41 For the student who wishes to make himself better acquainted with the genius of this great 
architect, such drawings as those in this book will render his task relatively easy. 

"The authors have illustrated all that they have found good reason to regard as Jones's work, 
and their capitally produced volume forms a worthy addition to the history of the Later 
Renaissance in England."— The Building News. 

" An admirable and most useful piece of work .... the volume is one which every 
architectural library should possess."— The Builder. 

Large folio, handsomely bound in half morocco, gilt. £4 4s. net. 

LONDON CHURCHES OF THE XVIIth AND XVIIIth 
CENTURIES. A Selection of the most Remarkable Eccles- 
iastical Buildings, including St. Paul's Cathedral, erected within 
and around the Ancient City Walls, from the Designs of Inigo 
Jones, Sir Christopher Wren, Hawksmoor and GiBBi. 
Illustrated in a series of 64 plates, reproduced in Collotype 
from exceptionally fine Photographs, and 130 Illustrations 
in the text With Historical and Descriptive Accounts by 
George H. Birch, F.S.A. 

B. T. BATSFORD, 

PUBLISHER, 

94, High Holborn, London. 
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2 vols., royal 4A?, half bound. £2 2s. net. (Published at £$ 5 J.) 
ANCIENT DOMESTIC ARCHITECTURE IN GREAT 
BRITAIN. By F. T. Dollman, Architect. Containing 161 
beautiful Lithographic Plates, illustrating by means of careful 
measured drawings and sketches the principal examples of 
Domestic Architecture in England prior to the Renaissance, 
with Analytical and Descriptive Text. 

Mr. Arthur S. Flower, M.A., F.S.A., A. R.I. B. A., has recently 
written of the lasting value of the above work in the following terms : — 
"It is the best illustrated and most generally useful book on the civil architecture of the 
Middle Ages. The buildings here drawn and described comprise not only dwelling-houses of 
varying degrees of importance— from the mansion of a lord-of-the-manor or merchant-prince to 
the cottage of a small tradesman in a country town— but also palaces, colleges, halls, schools, 
hospitals, and almshouses." 

2 vols., royal 4*0, cloth gilt. £2 2s. net. (Published at jQ$ 5s.) 
DETAILS OF GOTHIC ARCHITECTURE, measured and 
drawn from Existing Examples of the XHth, XHIth, XlVth, 
and XVth Centuries, by J. K. Colling, Architect. Containing 
190 Lithographed Plates, chiefly of measured drawings. 

" Mr. Colling's work on the Architecture of Mediaeval England seems destined, in spite of 
all changes of fashion both in draughtsmanship and in popular building, never to become obsolete. 
Such beautiful and accurate records of a great architectural epoch and of the indigenous art of 
this country, have an inherent value and interest which can never entirely disappear. The illus- 
trations, nearly all of them carefully measured drawings, offer invaluable assistance towards 
understanding and comparing the various phases of Gothic design, from the general lines of 
composition down to the most minute details of construction and of ornamentation, in stone, in 
tile, in timber, and in iron." — Arthur S. Flower, Esq., M.A., F.S.A. 

Royal 4to 9 cloth gilt. i$s. net. (Published at £2 2s.) 
MEDIEVAL FOLIAGE AND COLOURED DECORATION 
IN ENGLAND. By Jas. K. Colling. A series of Examples 
taken from Buildings of the Twelfth to the Fifteenth Century. 
Containing 76 Lithographic Plates, representing 600 examples, 
with descriptive letterpress. 

" A book of exceptional and very nearly unique interest. It would not be quite accurate- 
recollecting Pugin's ' Gothic Ornaments '—to say that this work of Mr. Colling is the only collec- 
tion that exists of well-drawn specimens of old English carved work, both in stone and wood, and 
ranging aver the whole of the Middle Ages, but in several points it so far excels the older work — 
its only rival— in comprehensiveness, that for most purposes it may unquestionably be regarded as 
the book on the subject."—/!. .S". Flower, Esq., At. A, F.S.A. 

Large $vo, art canvas. 10s. net. 

EUROPEAN AND JAPANESE GARDENS. A Series of Papers 
on Italian, English, French, and Japanese Gardens. Edited by 
Glenn Brown. With 148 views and plans of celebrated gardens. 
Large 410, cloth gilt. jQi $s. net. 

THE ART AND CRAFT OF GARDEN MAKING. By 
Thomas H. Mawson, Garden Architect. Second Edition, 
revised and much enlarged. Containing upwards of 200 
Illustrations (50 of which are full-page) of perspective views, 
plans, and details of gardens, ranging in size from a tiny 
cottage gardtn to gardens of twelve acres in extent. 
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An Illustrated Review of Ola English Gardens and their Architecture. 

FORMAL GARDENS IN ENGLAND AND SCOTLAND. 
Their Planning and Arrangement, Architectural and Orna- 
mental Features. A Series of Illustrations, mainly from Old 
Examples, with an Introduction and Descriptive Accounts. By 
H. Inigo Triggs, A.R.I.B.A. Containing 125 fine Plates, 
73 from the Author's Measured Drawings, and 52 from Photo- 
graphs specially taken ; with descriptive text. Complete in 
three parts, in portfolios, price £$ 13J. 6d. net the set ; or 
handsomely bound in half-morocco, £4 4s. net. 

The illustrations consist of entire Plans, and Photographic and Perspective 
Views of existing Gardens, together with Sketches, Measured Drawings, 
and Photographs of Gates, Terraces, Balustrades, Steps, Garden Rooms 
and Summer Houses, Bridges, Colunibaries, Sundials, Figures and Vases 
in Lead and Stone, Fountains and Ponds, Topiary work, etc. 

11 That the book will make a charming addition to the libraries of artistic-minded people 
there can be no doubt whatever, and to the lover of gardens, from an architect's point of view 
particularly, we can hardly imagine a more welcome or elegant publication." 

—The Building News. 

Crown 4/0, cloth gilt. j£i is. net. 

OLD COTTAGES AND FARM HOUSES IN KENT AND 
SUSSEX. A Series of 100 Photographic Plates beautifully 
printed in Collotype of some of the most charming Examples of 
our Minor Domestic Architecture. Specially photographed by 
W. Galsworthy Davie, with descriptive Notes and Sketches 
by E. Guy Dawber, Architect 

" All who are interested in bygone days and beautiful objects must be thankful to the authors 
and to the publisher for bringing before us, in such charming fornij this tribute to the artistic 
value and beauty of one phase in the history of our native building craft." — Journal mf 
thtR.l.B.A. 

" Many of these charming old-world places have furnished our architects with admirable 
types of how cottages can be built gracefully, and with fine proportions in all their parts."— 
Athetotum. 

Large &vo, cloth gilt 15J. net 

OLD ENGLISH DOORWAYS. A Series of Historical Examples 
from Tudor Times to the end of the XVIIIth Century. Illus- 
trated on 70 Plates reproduced in Collotype from Photographs 
specially taken by W. Galsworthy Davie. With Historical 
and Descriptive Notes on the subjects, including 34 Drawings 
and Sketches by H. Tanner, Junr., A.R.I.B.A., Author of 
" English Interior Woodwork." 

[Just Published. 

The study of the Doorway as a feature of English Architecture during the 
Renaissance is of so much interest that surely no apology is necessary for the 
issue of the present volume, which presents a representative series of examples 
ranging over the whole of this period. 

B. T. BATSFORD, 

PUBLISHER, 

94, High Hoi born, London. 
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Imperial 4*0, cloth, 10s, 6d. 
ORDERS OF ARCHITECTURE — Greek, Roman, and 
Italian. A Collection of Typical Examples from Normand's 
"Parallels" and other Authorities, with Notes on the Origin 
and Development of the Classic Orders, and descriptions of 
the plates, by R. Phene Spiers, F.S.A., Director of the 
Architectural School of the Royal Academy. Fourth edition, 
revised and enlarged, containing 27 full-page plates, seven of 
which have been specially prepared for the work. 

11 A most useful work for architectural students, clearly setting forth in comparative form the 
various orders. Mr. Spiers gives recognised examples of the principal forms of capital and base, 
and of the finer and bolder profiles of entablatures, with their decorative complements. A good 
feature of the plates is the scale below each in English feet. Mr. Spiers's notes are also very 
appropriate and useful."— The British Architect. 

*' An indispensable possession to all students of architecture." — Architect. 

Large folio, cloth, jQi 10s, net 
EXAMPLES OF GREEK AND POMPEIAN DECORATIVE 
WORK. Measured and drawn by J. Cromar Watt. Con- 
taining 60 Collotype Plates (17 in. x 13 in.) reproduced from 
the original Pencil Drawings of the Author, and comprising 
Architectural Details, Orngjnent in White Marble, Painted and 
Modelled Terra-cotta, Mosaic Pavement, and a variety of 
Ornamental Bronze Work. 

" The best drawn and most charming book of illustration of classic ornament which has been 
published."— The Builder. 

Small folio, cloth gilt £1 51. net 
ORNAMENTAL DETAILS OF THE ITALIAN RENAIS- 
SANCE. A series of 50 full-page Plates of measured drawings 
of Scroll Enrichments, Pilasters, Panels, Friezes, Capitals, 
Corbels, Borders, Door-heads, Mouldings, &c, in Marble, Stone, 
and Terra-Cotta, with some Parquet and Inlaid Work, also a 
variety of choice specimens of Ironwork, selected from Rome, 
Florence, Milan, Venice, Padua, Bologna, &c. By G. A. T. 
Middleton, A.R.I.B.A., and R. W. Carden, A.R.I.B.A. 

" A collection of good examples of the Italian Renaissance is very much required just now, 
and we are pleased to find that a work of this description has been published by Messrs. 
Middleton & Carden. The drawings are made to a good scale, with the mouldings shown by a 
clear black profile. . . . The work contains many suggestions for carved ornament in relief, 
and inlaid and metal work. . . . The plates are drawn to a good sise, and scales of feet and 
inches are given in every instance." — The Building News. 

Small folio, cloth gilt, jQi 51. net 

THE HISTORIC STYLES OF ORNAMENT. Containing 
1,500 Examples of the Ornament of all Countries and Periods, 
exhibited in 100 Plates, mostly printed in Gold and Colours. 
With Historical and Descriptive Text (containing 136 Illus- 
trations), translated from the German of H. Dolmetsch. 

A well-selected " Grammar of Ornament," which gives particular 
attention to the Art of the Renaissance. 
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Thick Demy &vo, cloth gilt. 1 2 s. 6d. 

A HANDBOOK OF ORNAMENT. With 300 Plates, containing 
about 3,000 Illustrations of the Elements and the Application 
of Decoration to Objects. By F. S. Meyer, Professor at the 
School of Applied Art, Karlsruhe. 3rd English Edition, 
revised by Hugh Stannus, F.R.I.B.A. 

"A Library, a Museum, an Encyclopedia, and an Art School in one. To rival it 

AS A BOOK OF REFERENCE ONE MUST FILL A BOOKCASE."— The Studio. 

Royal SvOj cloth gilt. 5*. net. 

A MANUAL OF HISTORIC ORNAMENT. Treating upon the 
Evolution, Tradition and Development of Architecture and 
other Applied Arts. Prepared for the use of Students and 
Craftsmen. By Richard Glazier, A.R.I.B.A. Headmaster 
of the Manchester School of Art. Containing 500 Illustrations. 

" Not since the publication of Owen Jones' celebrated ' Grammar of Ornament ' have we 
seen any book, brought out on popular lines, that could compare with Mr. Glazier's ' Manual.' 
In many ways it is the better book of the two. ... It simply abounds with beautiful, 
delicately-drawn illustrations, and forms a perfect treasury of designs.' — The Bookseller, 

" It would be difficult, if not wellnigh impossible, to find a more useful and comprehensive 
book than this, which contains examples of all the leading groups of ornamental design, and many 
more minor ones, but invariably interesting and valuable. — The Athtnetum. 

In stout wrapper-envelope. 2s 6d. net. 
AN ALPHABET OF ROMAN CAPITALS, together with three 
sets of lower case letters selected and enlarged from the finest 
examples and periods. Prepared for the use of Schools. By 
G. Woollisckoft Rhead, R.E., Hon. A.R.C.A., Lond. Each 
letter 7 in. square, with descriptive text, printed on strong 
drawing paper. 

Professor W. R. Lethaby writes :— " I am very glad that your specimen 
Alphabets have been published. Some definitive examples to which one 
could point have been badly wanted. I hope every Art School in the 
country will soon be provided with a copy, and in that case I don't doubt 
we shall shortly see a much needed improvement in this simple matter of 
lettering." 

Crown &vo, cloth. 3*. 6d. net. 

ALPHABETS, OLD AND NEW. Containing 150 complete 
Alphabets, 30 Series of Numerals, Numerous Facsimiles of 
Ancient Dates, &c. Selected and arranged by Lewis F. Day. 
Preceded by a short account of the Development of the 
Alphabet. With Modern Examples specially Designed by 
Walter Crane, Patten Wilson, A. Beresford Pite, the 
Author, and others. The most handy, useful, and compre- 
hensive work on the subject. 

" Everyone who employs practical lettering wiU be grateful for ' Alphabets, Old and New.' 
Mr. Day has written a scholarly and pithy introduction, and contributes some beautiful alphabets 
of his own design."— The Art journal. 

B. T. BATSFORD, 

PUBLISHER, 

94, High Hoiborn, London. 
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Crown Svo, cloth. 51. net. 
LETTERING IN ORNAMENT. An Enquiry into the Decora- 
tive Use of lettering, Past, Present and Possible. By Lewis F. 
Day. With 200 full-page and smaller Illustrations from Photo 
graphs and Drawings. [Just published. 

A companion volume to " Alphabets, Old and New." 

Contents : — The Printed and Written Page, Inscriptions, 
Scrolls and Labels, Monograms, Cyphers, Combinations, Initial 
Letters, Decorative Lettering, &c. 

Crown Svo, cloth. $s. net. 
ART IN NEEDLEWORK : A Book about Embroidery. By 
Lewis F. Day and Mary Buckle. Containing 80 full-page 
Plates reproduced from photographs, and 45 Illustrations in the 
text. Second edition, revised. 

An invaluable Review of the Art and Practice of Embroidery. 

" An extremely valuable book, forming a much-needed addition to the library of needle* 
workers, and one which will grow in value the longer and the more closely it is consulted." 

The Queen. 

Medium 8vo, cloth gilt. 21s. net. 
WINDOWS: A BOOK ABOUT STAINED AND PAINTED 
GLASS. By Lewis F, Day. Second edition, revised, con- 
taining 50 full-page plates, and upwards of 200 other illustrations 
in the text, of Historical Examples. 

"The illustrations are all good, and some the best black-and-white drawings of stained 
glass yet produced. It is a book which reflects great credit on all concerned in its production." 

The Studio. 

" Contains a more complete account— technical and historical— of stained and painted glass 
than has previously appeared in this country." — The Times. 

MR. LEWIS P. DAY'S TEXTBOOKS of ORNAMENTAL DESIGN. 

Thick crown Svo, cloth gilt. 1 2 s. 6d. 
NATURE IN ORNAMENT. An Enquiry into the Natural 
Element in Ornamental Design, and a Survey of the Orna- 
mental Treatment of Natural Forms. By Lewis F. Day. 
With upwards of 450 Illustrations of Design and Treatment in 
Ornament, Old and New. 3rd Edition, revised and enlarged. 

" A book more beautiful for its illustrations or one more helpful to Students of Art can 
hardly be imagined."— The Queen. 

" The Treatise should be in the hands of every Student of Ornamental Design. It is pro- 
fusely and admirably illustrated, and well printed/ —Magazine of Art. 

Crown Svo, uniformly bound in art linen, 3*. 6d. each. 
SOME PRINCIPLES OF EVERY-DAY ART. Second 
Edition, revised, with numerous Illustrations. 

"If anybody wants a sensible book on Art as applied to everyday ornament, let him buy 
Mr. Day's nicely-primed little volume. Easy to follow, well arranged and extremely concise 
. . . . Mr. Day knows what to say and how to say it." — Atkenxrum. 

THE ANATOMY OF PATTERN. Fourth Edition, revised, with 
41 full-page Illustrations. 

" A lucid analysis of repeated ornament ... A pre-eminently useful book."— The Studio. 
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"A twentieth-century Herbal."— The Art Journal. 

STUDIES IN PLANT FORM for the Use of Students, 
Designers, and Craftsmen. By G. Woolliscroft Rhead, 
R.E., Hon. A.R.C.A. Containing 25 photo-lithographic plates, 
reproduced in black and white from the author's drawings, 
illustrating upwards of sixty varieties of Plants, together with 
over eighty illustrations of Detail. The whole intended to 
demonstrate the method of deriving ornamental suggestion from 
natural growths. Folio, in cloth portfolio, 2 or. net. 

[fust published. 

The size of the drawings is 15 ms. by 11 ins., printed on strong plate 
paper, size I7iins. by 13 ms. 

Mr. Walter Crane, writing to the author, says :— " I think your 'Studies in Plant Form ' 
are well selected, and powerfully drawn, and give the characteristics of growth and structure 
very definitely, in a way likely to be useful to students and designers." 

' * Mr. Rhead's manner is reminiscent of the old herbalists. His broad and manly draughts- 
manship ought of itself to cotnmend his studies to the 'students, designers, and craftsmen' to 
whom he dedicates them. Drawings more trustworthy have not been published in our day, nor 
yet studies upon which they could so surely rely for information. 

" Mr. Rhead has an eye for form and a rare faculty of rendering it in line about which there 
* is no possible mistake."—/!** Art Journal. 

Imperial 4 to, handsomely bound in doth gilt. jQi 51. net. 

DECORATIVE FLOWER STUDIES for the use of Artists, 
Designers, Students and others. A series of 40 Coloured 
Plates, printed by hand by a stencil process in facsimile of the 
original drawings, accompanied by 350 Studies of Detail 
showing the Development of the Plant in successive stages. 
With Descriptive Notes. By J. Foord. 

" A truly valuable and beautiful book. .... The coloured plates are nearly all good ; 
they have a certain spaciousness of treatment that is full of delicacy and freedom ; and we have 
no doubt at all that tne book, considered as a whole, is a real gain to all who take delight in the 
decorative representation of flowers." — The Studio. 

" The-author is duly regardful of the designer's wants, and supplements the coloured page 
by outline drawings of details likely to be of use to him. In these he will find flowers in various 
stages of growth, in bud, in full bloom, over-blown, and in seed ; and often various views of 
these, as well as diagrams of the parts of the flower, and sections."— The Art Journal. 

Crown $vo, cloth. $s. 6d. net. 

DECORATIVE BRUSHWORK AND ELEMENTARY DE- 
SIGN. A Manual for the Use of Teachers and Students in 
Elementary, Secondary and Technical Schools. By Henrv 
Cadness, Second Master of the Municipal School of Art, 
Manchester. With upwards of 400 Examples of Design. 

Synopsis of Chapters: — Materials. — Preparatory Work. — 
Methods of Expression.— Elementary Forms of Ornament. — 
Natural Forms. — Influences in Styles. — Application of Study. 

" Admirable indeed is Mr. Cadness's book Conciseness and brevity, with no loss 

01 clearness, is noticeable in the author's treatment of his subject."— The Builder. 

B. T. BATSFORD, 

PUBLISHER, 

94, High Holborn, London. 

* * 
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Folio, cloth gilt. Price 36*. net. 

ENGLISH INTERIOR WOODWORK of the XVI., XVII., and 
XVIII. Centuries. A series of 50 Plates of Drawings to scale 
and Sketches, chiefly of domestic work, illustrating a fine series 
of examples of Chimney Pieces, Panelling, Sides of Rooms, 
Staircases, Doors, Screens, &c, &c, with full practical details 
and descriptive text. By Henry Tanner, Jun., A.R.I.B.A., 
Joint Author of " Some Architectural Works of Inigo Jones." 

This is the first book devoted entirely to the systematic illustration of 
English Interior Woodwork, that is to say, Architectural Fittings as distinct 
from Furniture. 

In the selection of the subjects only the best and most characteristic 
examples of each period have been included. The whole have been care- 
fully measured and drawn by the Author, and are accompanied, in many 
cases, by sections and profiles of the mouldings, together with portions of 
the ornamental details drawn to a good scale. Each of the 50 plates (size 
17I ins. by 13 ins.) is full of work, and contains two or more subjects with 
detail, &c. ; and the whole forms a very extensive and varied series of the 
utmost importance and value to the Architect, Interior Decorator and Wood- 
carver. 

Large 8w, cloth. 1 2 s, 6d. net. 

THE DECORATION OF HOUSES. A Study of House 
Decoration during the Renaissance Period, with suggestions for 
the decorative treatment, furnishing, and arrangement of modern 
houses. By Edith Wharton and Ogden Codman, Architect. 
Containing 204 pages of Text, and 56 full-page Photographic 
Plates of views of Rooms, Doors, Ceilings, Fireplaces, various 
pieces of Furniture, &c. 

" The book is one which should be in the library of every man and woman of means, for its 
advice is characterised by so much common sense as well as by the best of taste." — The Queen. 

Large folio, handsomely bound in old style, 30*. net. 

THE DECORATIVE WORK OF ROBERT AND JAMES 
ADAM. Being a Reproduction of all the Plates illustrating 
Decoration and Furniture from their " Works in Architec- 
ture," published 1778 — 181 2. Containing 30 large folio Plates 
(size, 19 inches by 14 inches) giving about 100 examples of 
Rooms, Ceilings, Chimney-pieces, Tables, Chairs, Vases, Lamps, 
Mirrors, Pier-glasses, Clocks, &c, &c, by these famous 
Eighteenth-century Designers. 

This volume contains every plate of decorative value from the complete 
work, which now fetches ^70, and therefore forms a complete key to the 
graceful style for which the Brothers Adam are so universally renowned. 

"The range of the examples is very wide, and the book gives an admirable idea of (he scope 
of the work of these two remarkable brothers . . . It is certain to be welcomed by all 
designers who have any feeling for charm and beauty." — The Magazine of Art, 
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Small folio, bound in speckled doth, gilt, old style. £2 10s. net. 

HEPPLEWHITE'S CABINET-MAKER AND UPHOL- 
STERER'S GUIDE; or. Repository of Designs for every article 
of Household Furniture in the newest and most approved taste. 
A complete facsimile reproduction of this rare work (published 
in 1794), containing nearly 300 charming Designs on 128 Plates. 

Original copies when met with fetch from £17 to j£iS. 

" Hepplewhite's designs arc characterised by admirable taste and perfect workmanship. . . . 
they are kept clear of the pitfalls which proved so fatal to the reputation of Chippendale, and not 
a few of them attain to a standard of refinement beyond which it seems hardly possible to go." — 
The Cabinet Maker. 

" A beautiful replica, which every admirer of the author and period should possess." — 
Building Newt. 

Folio, strongly bound in half cloth. £$ 15$. net. 

CHIPPENDALE'S THE GENTLEMAN AND CABINET- 
MAKER'S DIRECTOR. A complete facsimile of the 3rd 
and rarest Edition (1762), containing 200 Plates of Designs of 
Chairs, Sofas, Beds and Couches, Tables, Library Book-cases, 
Clock-cases, Stove Grates, &c, &c. 

The above work is also issued in a handsome half-calf 
binding, antique style. Price £4 4s. net. 

Large qto, cloth gilt. 2\s. net. 

EXAMPLES OF OLD FURNITURE, English and Foreign, 
Drawn and described by. Alfred Ernest Chancellor. Con- 
taining 40 Photo-lithographic Plates exhibiting some 100 
examples of Elizabethan, Stuart, Queen Anne, Georgian, and 
Chippendale Furniture; and an interesting variety of Continental 
Work. With Historical and Descriptive Notes. 

Demy 4/0, art linen gilt. jQi $s. net. 

COLONIAL FURNITURE IN AMERICA. By Luke Vincent 
Lockwood. An Historical and Descriptive Handbook ot 
the Old English and Dutch Furniture chiefly of the 17th 
and 1 8th Centuries introduced into America by the Colonists. 
Containing 300 Illustrations, reproduced in collotype and half 
tone, of typical examples of Chests, Couches, Solas, Tables, 
Chairs, Settees, Clocks, Cupboards, Sideboards, Mirrors, Chests 
of Drawers, Bedsteads, Desks, Escritoires, &c. With descriptive 
letterpress. 

A complete, authoritative and elaborate hand-book, forming a tiustworthy 
guide to the determination of style, date, and authenticity of specimens of 
furniture of this period. The author is a private collector of many years' 
experience, who has devoted the last seven years to special studies and 
examinations for the purposes of the present work. 

B. T. BATS FORD, 

PUBLISHER, 

94, High Holborn, London. 
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Imperial $to, cloth gilL jQi &s. 

DETAILS OF GOTHIC WOOD CARVING. Being a series 
of Drawings from original work of the XlVth and XVth 
Centuries. By Franklyn A. Crallan. Containing 34 Photo- 
lithographic Plates, two of which are double, illustrating some 
of the finest specimens of Gothic Wood Carving extant. With 
sections where necessary, and descriptive text. 

" This admirable work is one of great interest and value. ... It will be invaluable to 
the wood carver, as the drawings possess all the strength and vigour of the original work."— 

Education. 

FRENCH WOOD CARVINGS FROM THE NATIONAL 
MUSEUMS. A series of Examples printed in Collotype from 
Photographs specially taken from the Carvings direct. Edited 
by Elkanor Rowe. Part I., Late 15th and Early 1 6th Century 
Examples; Part II., 1 6th Century Work; Part III., 17th and 
1 8th Centuries. The 3 Series complete, each containing 18 large 
folio plates, with Descriptive Letterpress, folio, in portfolios, 
price 1 2s. each net ; or handsomely half-bound in one volume, 
£2 $s. net. 

" This invaluable collection . . . should be possessed by every carver ■, both professional 
and amateur. . . . The plates are on so large a scale, and are so clearly produced, that they 
become equivalent, for the purposes of study, to the original works." — The Architect. 

Demy 4*0, half-bound. 10s. 6d. 

ECCLESIASTICAL WOODWORK. A Series of Examples of 
Stalls, Screens, Book-Boards, Roofs) Pulpits, &c, illustrated on 
2 1 beautifully engraved Copper Plates, from drawings by 
T. Talbot Bury, Architect. 

Folio, cloth gilt. £2 25. od. net 

OLD OAK ENGLISH FURNITURE. A Series of Measured 
Drawings, with some examples of Architectural Woodwork, 
Plasterwork, Metalwork, Glazing, &c. By J. W. Hurrell, 
Architect. Containing no full-page Plates reproduced by 
photo-lithography. 

For ingenuity and quaintness of design, richness of moulding, and 
profusion of ornament, the old oak furniture of England is probably 
unsurpassed by the contemporaneous work of any other country. 

In the present volume Mr. Hurrell has striven to represent by accurate 
measurement and delineation to scale the true spint of the work in 
exhaustive detailed analysis of its construction and design. The examples 
illustrated include a great variety of subjects, and are selected from mansions 
and other buildings chiefly in Lancashire and Cheshire. 
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Crown Svo, paper covers, is. 

HINTS ON WOOD CARVING FOR BEGINNERS. By 
Eleanor Rowe. Fourth Edition, revised and enlarged, 
with numerous illustrations. 

" The most useful and practical small book on wood-carving we know of '"—Builder. 
" Full of sound directions and good suggestions. "—Magazine of Art. 

Crown 8vo, paper covers, is. 

HINTS ON CHIP CARVING. (Class Teaching and other 
Northern Styles.) By Eleanor Rowe. With 40 Illustrations. 

" A capital manual of instruction in a craft that ought to be most popular." 

Saturday Review. 

Crown Svo, paper covers, is. net. 

THE ART OF BRASS REPOUSSE. A Manual of Practical 
Instruction for the Use of Amateurs. By Gawthorp, Art 
Metal Worker to His Majesty. With a Prefatory Note by the 
Rt. Hon. the Countess Amherst. Third edition, revised and 
• enlarged, with 43 illustrations of work in various stages of 
execution, tools, appliances, &c. 

4/0, bound in old style. 55. net 

A BOOK OF SUNDRY DRAUGHTES FOR LEADED GLASS. 
By Walter Gidde. Containing 114 Plates of Designs for 
Lead Glazing, with Recipes on Glass Painting, &c. The whole 
reproduced in exact facsimile of the rare original. 

%* Only 100 copies are for sale of this quaint old treasury of decorated 
drawings for leaded glass. Originally published in 161 5, it has remained the 
text-book ever since. 

Demy Svo, cloth. 6s. 

A HANDBOOK OF ART SMITHING. By F. S. Meyer, 
Author of " A Handbook of Ornament." With an Introduction 
by J. Starkie Gardner. Containing 214 Illustrations. 

'* An excellent, clear and intelligent, and, so far as its sixe permits, complete account of the 
craft of working in iron for decorative purposes .... Replete with illustrations of well- 
chosen specimens of the leading styles and applications of the craft." — The Atfuntenm. 



" A most excellent manual, crowded with examples of ancient work. The Introduction is 
by Mr. Starkie Gardner, and students know what that name implies."— The Studio. 

Folio ) boards ) cloth back. 12 s. 6d. 

DECORATIVE WROUGHT IRONWORK of the 17TH and 
1 8th Centuries. Sixteen large Lithographic Plates, con- 
taining 70 English Examples of large and small Gates, Screens, 
Grilles, Panels, Balustrading, &c. Measured and drawn by 
D. J. Ebbetts. 

B. T. BATSFORD, 

PUBLISHER, 

94, High Holboro, London. 
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Demy 8vo, cloth. 2s. 6d. net 
THE PRINCIPLES OF ARCHITECTURAL PERSPECTIVE. 
Prepared for the Use of Students, &c, with chapters on Iso- 
metric Drawing and the Preparation of Finished Perspectives. 
By G. A. T. Middleton, A.R.I.B.A. Illustrated with 51 
Diagrams and 8 finished Drawings by various Architects. 

[fust published. 

Demy 4to, cloth gilt. 7 s. 6d. net. 

ARCHITECTURAL DRAWING. A Text-book with special 

reference to artistic design. By R. PhenIs Spiers, F.S.A., 

Author of "The Orders of Architecture," &c. New edition, 

with 28 full-page and folding Plates. 

Contents : — I. Student's Work. — Draughtsmanship — 
Design. — II. Office Work. — Contract and Working Drawings 
— Competition Drawings. — III. Outdoor Work. — Measured 
Drawings. — Perspectives, Water-Colour Drawings, Sketches, &c. 

Crown 8w, art linen. 55. 6d. net. 
PEN DRAWING. An Illustrated Treatise. By Charles D. 
Maginnis, Instructor in Pen Drawing, Boston Architectural 
Club. With a special chapter on Architectural Drawing. Illus- 
trated by 72 Reproductions of the Work of the principal 
Black-and- White Artists, Practical Diagrams, &c. 

Contents : — I. Style in Pen Drawing.— II. Materials. —II I. Tech- 
nique. — IV. Values.— V. Practical Problems. — VI. Architectural Draw- 
ing. — VII. Decorative Drawing. 

Large Imperial Svo 9 cloth gilt. 10s. net 
THE PRINCIPLES OF ARCHITECTURAL COMPOSITION. 
An attempt to Order and Phrase Ideas which have hitherto 
been only felt by the Instinctive Taste of Designers. By J. B. 
Robinson, Architect. With 300 Illustrations of Ancient and 
Modern Buildings in elucidation of the points dealt with. 

"This powerful and intelligent exposition of the great principles of Archi- 
tectural design will enable the student to study in a vastly more intelligent way, and will 
help the practitioner toward the happy and ennobling career of the artist rather than the less 
attractive life of those who merely plan and erect buildings to order."— Russell Sturgis. 

Large Svo, cloth gilt 6s. net 
THE PRINCIPLES OF ARCHITECTURAL PLANNING. 
By Percy L. Marks, Architect. With Notes on the Essential 
Features and Requirements of Different Classes of Buildings, 
and on Aspect, Privacy and Seclusion, Roominess, Furniture 
Requirements, Prospect, Grouping, Staircases, and miscella- 
neous features, Economy and Design in Relation to Plans, &c. 
Illustrated by 80 Plans (many full-page), mainly of Important 
Buildings by well-known modern architects. 



'A suggestive and useful book. . . . Mr. Marks' idea is to show the principles of 
ling in close theoretical and practical association, 
considerable number of plans."— The British Architect. 



planning in close theoretical and practical association. The author illustrates his subject with a 
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Imperial \to % cloth gilt i$s. net. 

HOUSES FOR THE WORKING CLASSES IN URBAN 
DISTRICTS. Comprising 30 typical and improved Plans 
arranged in groups, with elevations for each group, block 'plans 
and details. By S. W. Cranfield, A.R.I.B.A., and H. I. 
Potter, A. R.I. B. A. With introductory and descriptive text, 
general notes on planning, tables giving sizes of rooms, cubic 
contents, cost, &c. 

" As a book of types of the best examples of houses of this kind, the work is the most complete 
we have seen." — The Building New*. 

" The authors have shown that they have carefully studied the requirements of the case and 
faced the most difficult points. The subject is not written round but thoroughly threshed out, 
and what with good illustrations to scale, clear letterpress, and abundant tables of areas, &c, 
there is no lack of information for those in search of it. We congratulate the authors on their 
enterprise."— The Surveyor. 

Square 8vo, cloth gilt. 6s. net. 

FARM BUILDINGS: THEIR CONSTRUCTION AND 
ARRANGEMENT. By A. Dudley Clarke, F.S.L 3rd 
Edition, revised and much enlarged. With new chapters on 
Cottages, Homesteads for Small Holdings, Iron and Wood 
Roofs, Repairs and Materials, Notes on Sanitary Matters, &c. 
Containing 52 Lithographic Plates, and other Illustrations of 
Plans, Sections, Elevations, Details of Construction, &c. 
Adopted as the text-book by the Surveyors' Institution. 

" Mr. Clarke's Handbook is the best of its Vind."— Surveyor. 

" Both for the construction of new and the modernising of old buildings the book may be 
consulted with the fullest confidence.'' — Land Agents* Record. 

" To architects and surveyors, whose lot it may be to plan or modify buildings of the kind, 
the volume will be of singular service." — Builders' Journal. 

Square Svo, cloth gilt. js. 6d. 

STABLE BUILDING AND STABLE FITTING. A Treatise 
on the Planning, Arrangement, Construction and Drainage of 
Stables. By Byng Giraud, Architect. With 56 Plates and 
numerous Illustrations. 

Crown Svo, paper covers, is. 

HORTICULTURAL BUILDINGS: THEIR CONSTRUC 
TION, HEATING, INTERIOR, FITTINGS, &c. By 
F. A. Fawkes. With 123 Illustrations. 

2 vols., crown %vo> cloth, gilt js. 6d. 

CONCRETE : ITS USE IN BUILDING. By Thos. Potter. 
Second Edition, greatly enlarged, containing 500 pages of 
Text, and 100 Illustrations. 

This work deals with walls, paving, roofs, floors, and other details 01 
Concrete Construction, and fully describes the latest methods for rendering 
buildings fire-proof. 

B. T. BATSFORD, 

PUBLISHER, 

94* High Holborn, London. 
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3 vols., large folio. Strongly bound in buckram, gilt ^£15 15J. net 

MODERN OPERA HOUSES AND THEATRES. Examples 
of Playhouses recently erected in Europe. With Descriptive 
Accounts, a Treatise on Theatre Planning and Construction, 
and Supplements on Stage Machinery, Theatre Fires, and Pro- 
tective Legislation. By Edwin O. Sachs, Architect. Complete 
in Three Grand Folio Volumes, containing over 200 large 
Folio Plates, reproduced in the best manner by Photo-litho- 
graphy, and some 600 Diagrams, interspersed in the 350 pages 
of Text. 

" Mr. Sachs has given us a work which most usefully and adequately fills a gap in architec- 
tural literature In dealing with the many buildings included in this work, Mr. Sachs is at 
infinite pains to illustrate every important detail, and to give that statistical information in -the 
letterpress which is so essential to its practical value from an architect's point of view.**— The 
British Architect. 

"The undertaking surpasses anything of the kind ever attempted in this country." — The 
Building News. 

" Mr. Sachs's task in undertaking the treatise might be called herculean ; he has acquitted 
himself like a strong man, and there is no sign of weakness to the close. With the information 
respecting details furnished by the third volume, the subscribers are in a fair way to be qualified 
as experts. . . . It is a work for architects, and one which they will recognise in its depart- 
ment as worthy of their august art."— The Architect. 

Large Imperial 8vo, cloth gilt 25J. net 

MODERN SCHOOL BUILDINGS, Elementary and Secondary. 
A Treatise on the Planning, Arrangement and Fitting of Day 
and Boarding Schools. With special chapters on the Treatment 
of Class-Rooms, Lighting, Warming, Ventilation and Sanitation. 
By Felix Clay, B.A., Architect. 500 pp. with 400 illustrations 
of plans, perspective views, constructive details and fittings. 

" Mr. Clay has produced a work of real and lasting value. It reflects great credit on his 
industry, ability, and judgment." — The Builder. 

" It gives the practising architect as well as the student that complete and full information 
upon most subjects connected with the planning and erecting of schools that he really needs. 
.... Mr. Clay is to be congratulated upon having produced a book of the greatest value, 
and one which is likely to be the standard work upon the subject for many a year to come." 

London Architectural Association Notes. 

" To the architect and the schoolmaster alike it will prove an invaluable work of reference. 
Every type of secondary and elementary school is fully illustrated and adequately described." 

The School World. 

THE PLANNING AND FITTING-UP OF CHEMICAL AND 
PHYSICAL LABORATORIES. With Notes on the Venti- 
lation, Warming and Lighting of Schools. By T. H. Russell, 
M.A., Architect. Illustrated by 36 Plans of Laboratories, 
Working Drawings, Sketches and Diagrams of Fittings and 
other Details. Demy 8vo. 7*. 6d. net. [Just published. 

All questions that usually arise in connection with the erection of 'new 
laboratories, or the conversion of ordinary rooms for this purpose, are fully 
dealt with. The important subject of fittings is dealt with in great detail, 
such points as size, design, and construction, as well as the advantages 
and disadvantages of the various materials that can be employed, being fully 
discussed. 
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Imperial 4/0, cloth, 2 is. net 

A BOOK OF COUNTRY HOUSES. Containing 62 Plates 
reproduced from Photographs and Drawings of Perspective 
Views and Plans of a variety of executed examples, ranging in 
size from a moderate-sized Suburban House to a fairly large 
Mansion. By Ernest Newton, Architect. [fast ready. 

The houses illustrated in this volume have been planned during the last ten 
years, and may be taken as representative of the English Countiy House of 
(he present day. They offer much variety in their size, their sites, the charac- 
ter of the materials in which they are constructed, and their types of plan. 

The illustrations comprise 41 perspective views, reproduced from photo- 
graphs and drawings in. black-and-white and water-colours, together with 
22 plans drawn to a large scale, whilst a few main features and interior 
views are included. 

It is believed that the volume will prove of considerable help to those 
interested in the designing and building of Country Houses. 

Royal 4to, cloth gilt. 1 2 s. 6d. 
BUNGALOWS AND COUNTRY RESIDENCES. A Series of 
Designs and Examples of executed Works. By R. A. Briggs, 
F.R.I.B.A. 5th and enlarged Edition, containing 47 Photo- 
lithographic Plates, many of which are new to this edition. 
With descriptions, including the actual cost of those which have 
been built, and the estimated cost of those not yet erected. 

11 Economy, convenience, and comfort in small country houses are important elements, and 
these have been studied with an artistic appreciation of effect and rural charm in Mr. Briggs* 
designs."— The Building News. 

" Those who desire grace and originality in their suburban dwellings might take many a 
valuable hint from this book."— 77>««. 

Demy, 410, cloth, js. 6d. net. 
MODERN SUBURBAN HOMES. A Series of Eighteen Distinc- 
tive Designs for Small and Medium-sized Houses, with some 
Practical Hints on their Planning and Arrangement, having 
special reference to the comfort and convenience of the 
Occupants. By C. R. Snell, Architect. Containing 18 full- 
page Plates of Front and Side Elevations, and Plans of the various 
Floors, together with Descriptive Notes, and Estimates of Cost 

Large 4to 9 art linen, gilt, iy.net 

COUNTRY HOMES. A Series of Illustrations of Modern 
English Domestic Architecture, including Examples by Leonard 
Stokes, James Ransome, Bateman and Bateman, R. F. Atkinson, 
Arnold Mitchell, Ernest Newton, C. F. A. Voysey, E. Guy 
Dawber, C. H. B. Quennell, Wimperis and Arber, and other archi- 
tects. Containing 50 Photo-lithographic and Ink-photo Plates. 
The above plates have been specially selected from the Professional 
Journals of the last few years, as illustrating typical examples of our 
English Countiy Houses, designed by leading architects. 

B. T. BATSFORD, 

PUBLISHER, 

94, High Holborn, London. 
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2 vols., large &vo, cloth gilt 2 $s. net. 

FACTS ON FIRE PREVENTION. An enquiry into the Fire- 
Resisting Qualities of various Materials and Systems of Con- 
struction, conducted by the British Fire Prevention Committee. 
Edited by Edwin O. Sachs, Architect, Author of " Modern 
Theatres." Containing Accounts of Tests of Floors, Ceilings, 
Partitions, Doors, Curtains, &c, with 100 full-page Plates, and 
many other Illustrations from Photographs and Drawings ; also 
Plans of the Testing Chambers, Diagrams of Temperature, &c. 

An important contribution to the science of fire-protective construction. 

Large Imperial Svo, cloth. 1 2 s. 6a\ net. 

MODERN PRACTICAL JOINERY. A Treatise on the Practice 
of Joiner's Work by Hand and Machine. Containing a Full 
Description of Hand-tools and their Uses, Workshop Practice, 
Fittings and Appliances, the Preparation of all kinds of House 
Joinery, Bank, Office, Church, Museum and Shop-fittings, Air- 
tight Cases, and Shaped Work. With concise Treatises on 
Stair-building and Hand-railing, and a Glossary of Terms. By 
George Ellis, Instructor in Joinery at the Trades Training 
Schools of the Worshipful Company of Carpenters. 380 pages, 
with 1,000 Practical Illustrations. 

" In this excellent work the mature fruits of the first-hand practical experience of an 
exceptionally skilful and intelligent craftsman are given. It is a credit to the author's talent and 
industry, and is likely to remain an enduring monument to British craftsmanship. As a standard 
work it will doubtless be adopted and esteemed by the architect, builder, and the aspiring work- 
man."— Building World. 

" The special value of the book is that the reader feels that a real worker, though a master 
of his craft, is directing every step in carrying out the job in hand. There are valuable hints 
on every one of the 300 pages, m> that the book appeals to a tar wider circle than that of the 
student."— The Surveyor. 

Large Imperial Svo 9 cloth. 1 2 s. 6d. net. 

STAIR-BUILDING AND HANDRAILING. A Practical 
Treatise containing numerous Examples illustrating the Con- 
struction of the various Classes of Wood and Stone Stairs, with 
a complete course of Handrailing, showing methods of getting 
out and preparing Wreathed Handrails, &c. By William 
Mow at, M.A., and Alexander Mowat, M.A., Science Masters, 
School ot Science and Art, Barrow-in-Furness. Containing 
upwards of 390 pages of Text, with over 440 practical Diagrams 
and full-page Plates. 

This work forms the most comprehensive and reliable work on the subject. 
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Croiun &vo> cloth gilt. 3 s. 

BUILDING CONSTRUCTION AND DRAWING. A Text- 
Book on the Principles and Practice of Construction. 
By Charles F. Mitchell, Lecturer on Building Construction 
at the Polytechnic Institute, London. First Stage or Ele- 
mentary Course. 6th Edition (40th Thousand), Revised and 
greatly enlarged. Containing 400 pages of Text, with 1,000 
Illustrations, fully dimensioned. 

" The book is a model of clearness and compression, well written and admirably illustrated, 
and ought to be in the hands of every student of building construction."— The Builder. 

Crown Svo, cloth gilt. 51. 6d. 

BUILDING CONSTRUCTION. A Text-Book on the Prin- 
ciples and Practice of Construction. (Advanced and 
Honours Courses.) By Charles F. Mitchell. For the use 
of Students preparing for the Examinations of the Science and 
Art Department, the Royal Institute of British Architects, the 
Surveyors' Institution, the City Guilds, &c, and for those 
engaged in building. Containing 620 pages of Text, with over 
600 Illustrations, fully dimensioned. 4th Edition (19th 
Thousand), thoroughly Revised and much Enlarged. 

" Within the limits of the size adopted it is difficult to imagine a more judicious selection of 
valuable information and instruction in building construction than this work presents. . . . 
Mr. Mitchell's two books should be in the hands of every architect's pupil, and will be found 
excellent value for the small price.''— The Builder. 

" Mr. Mitchell's two books form unquestionably the best guide which any student can 
obtain at the present moment. In fact, so tar as it is possible for anyone to compile a satisfactory 
treatise on building construction, Mr. Mitchell has performed the task as well as it can be 
performed."— The Builder. 

Large &vo, cloth gilt. 4s. 6d. 

TREATISE ON SHORING AND UNDERPINNING, and 
generally dealing with dangerous Structures. By C. H. Stock. 
Third Edition. Thoroughly revised and enlarged by F. R. 
Farrow, F.R.I.B.A. With 40 clear and practical Illustrations, 
including 10 full-page Plates. 

" Mr. Stock has supplied a manifest want in the literature of practical architecture and 
surveying, and there is no doubt his book will be of great practical use." — The Builder. 

Small 8w, cloth gilt. 2s. 6d, 

THE CONDUCT OF BUILDING WORK AND THE DUTIES 
OF A CLERK OF WORKS. Being a Handy Guide to the 
Superintendence of Building Operations. By J. Leaning, F.S.I., 
Author of " Quantity Surveying," &c. 

44 This most admirable little volume should be read by all those who have charge of building 
operations . . . . ( In a concise form it deals with many of the important points arising during 
the erection of a building." — The British Architect. 

" Should undoubtedly serve a very useful purpose in furthering good building work, and be 
of great assistance to both Architects and Clerks of Wdrks." — Carpenter and Builder. 

B. T. BATSFORD, 

PUBLISHER, 

94, High Holborn, London. 
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Large thick &vo> cloth gilt, i Ss. net. 

BUILDING SPECIFICATIONS for the use of Architects, 
Surveyors, Builders, &c. Comprising the complete Specification 
of a large House, with Stables, Conservatory, &c. ; also numerous 
Clauses relating to Special Classes of Buildings, and Practical 
Notes on all Trades and Sections. By John Leaning, F.S.I., 
author of " Quantity Surveying," &c. Containing 630 pages of 
Text, with f 40 Illustrations. The most comprehensive, systematic 
and practical treatise on the subject. 

" A very valuable book on this subject, and one which must become a standard work in 
relation thereto. . . . Mr. Leaning's Qualifications for the work are too welt known to require 
any setting forth by us. He has thoroughly mastered his subject in all its intricacy of detail, and 
in dealing with it is clear, concise, and' definite. . . . The notes on the trades and sections 
are very lull, and explain admirably all the technical detail relating to materials and construction. 
A most useful addition to professional literature." — The Architect. 

"His book can be thoroughly recommended to all who desire to become conversant with the 
art of specification writing, and also to those who require a reliable text-book which may be 
consulted in any case of difficulty or doubt" — The Builders' Journal. 

" Thoroughly practical and workmanlike. ... It furnishes a vast amount of informa- 
tion which cannot fail to be useful to anyone who has to compile specifications." — The Building 
News. 

Crown 8w, cloth gilt. 5*. 

STRESSES AND THRUSTS. A Text-Book for Architectural 
Students. By G. A. T. Middleton, A.R.I.B.A. Second 
Edition, Revised, containing new Chapters on the method of 
Designing a Steel Lattice Girder, and of a Steel Segmental Roof. 
With 150 illustrative Diagrams and Folding Plates. 

" The two systems of arriving at stresses in girders are explained together, and the graphic 
method is dealt with in the latter part of the book with great clearness, and makes it useful to 
architects, engineers, and studeuts. ' — The Engineer. 

Crown &7/o> cloth gilt. 3*. 

DANGEROUS STRUCTURES AND HOtV TO DEAL WITH 
THEM. A Handbook for Practical Men. By George H. 
Blagrove, Author of " Shoring," and its Application, &c. 

This work deals with Foundations, Walls and Piers, Roofs, Arches, 
Lofty Structures, Stone Lintels, Timber Beams, Ties, Struts, and the 
Theory of Shoring. 
" We recommend this book to all young architects and students of building.'*— 7*A* 
Architect. 

Two vols., large &vo, cloth gilt. 21s. net. 

THE PRINCIPLES OF STRUCTURAL DESIGN. By 
Major G. K. Scott-Moncrieff, R.E., A.M.I.C.E, late In- 
structor in Construction, School of Military Engineering, 
Chatham. 2 vols., containing 670 pages of Text, 30 large 
folding Plates, and upwards of 670 text Illustrations. 

A very comprehensive Treatise on Construction in Iron, Steel and Timber. 
The illustrations are extremely clear and very numerous. 
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An Important New Reference Book for Architects and Builders. 
Large crown &vo, cwth gilt. 7s. 6d. net. 

HOW TO ESTIMATE : or the Analysis of Builders' 
Prices. A Complete Guide to the Practice of Estimating, 
and a Reference Book of the most reliable Building Prices. 
By John T. Rea, K.S.I. , Surveyor, War Department. 
With typical examples in each trade, and a large amount of 
useful information for the guidance of Estimators, including 
thousands of prices. 

" Here at last is a book that can be confidently recommended as a comprehensive, practical, 
trustworthy, cheap, and really modern book on estimating. The book is excellent in plan, 
thorough in execution, clear in exposition, and will be a boon alike to the raw student and to 
1 he experienced estimator. For the former it will be an invaluable instructor ; for the 
latter a trustworthy remembrancer and an indispensable work of reference." — The Building 
World. ^ 

Crown Svo y cloth gilt. 4s. 6d. net. 

ESTIMATING. A Method of Pricing Builders' Quantities for 
Competitive Work, without the use of a Price Book. By 
George Stephenson. 4th Edition, the Prices carefully revised. 

" Mr. Stephenson has succeeded in removing many of the difficulties in this branch of his 
profession, and anyone who has mastered this little book will be enabled to price a bill of 
quantities without recourse tor his Laxton."— The Building News. 

Crown &vo, cloth gilt. 3 s. 6d. 

REPAIRS : HOW TO MEASURE AND VALUE THEM. A 
Handbook for the use of Builders, Decorators, &c. By the 
Author of " Estimating." 3rd Edition, revised to date. 

Large crown 8w, cloth gilt. 51. net 

PRACTICAL GASFITTING. A Handbook relating to the 
Distribution of Gas in Service Pipes, the Use of Coal Gas, and 
the best Means of Economizing Gas from Main to Burner. By 
Walter Grafton, F.C.S., Chemist at the Beckton Works of 
the Gas Light and Coke Co. With 143 Illustrations. 

" The author is a recognised authority upon the subject of gas lighting, and gas-fitters and 
others who intend to study gat-fitting in practical detail will find the book most serviceable." — 
The Builder. 

Large Svo y cloth. 4s. 6d. net. 

THE DRAINAGE OF TOWN AND COUNTRY HOUSES. 
A Practical Account of Modern Sanitary Arrangements and 
Fittings. By G. A. T. Middleton, A.R.I.B.A, With full 
particulars of the latest fittings and arrangements, and a special 
chapter on the Disposal of Sewage on a small scale, including 
an account of the Bacterial Method. Illustrated by 87 Diagrams 
and 6 Plates. \Just published. 

B. T. BATSFORD, 

PUBLISHES, 

94, High Holborn, London. 
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Thick royal Svo 9 c/bth gt'A 12s. 6W.' 
THE PLUMBER AND SANITARY" HOUSED A Practical 
Treatise on the Principles of Internal Plumbing Work ; or the 
best means for effectually excluding Noxious Gases from our 
Houses. By S. Stevens Hellyer. 6th Edition, revised and 
enlarged. With 30 Plates, and 262 Woodcut Illustrations. 

" The best treatise existing on Practical Plumbing."— The Builder, 

" This new edition is an exhaustive treatise on the subject of House Sanitation^ comprising 

all that relates to Drainage, Ventilation, and Water Supply within and appertaining to the 

house."— Journal of the Royal Institute of British Architects, 

Large thick &v# f cloth gilt 32J. net. 

SANITARY ENGINEERING. A Compendium of the latest and 
most reliable information on Sanitary Science in all its branches. 
By Colonel E. C. S. Moore, R.E., M.S.I. Second Edition, 
thoroughly revised and greatly enlarged. Containing 830 pp. of 
Text, with 860 Illustrations, including 92 large Folding Plates. 

"... A full and complete epitome of the latest practice in sanitary engineering. . . 
As a Book op Reference it is Simply Indispensable."— -77* Public Health Engineer. 

"i . . We know of no single volume which contains such a mass of well-arranged 
information. It is encyclopaedic and should take its place as the standard book on the wide and 
important subject with which it deals."— The Surveyor. 

Large &vo> cloth gilt. 6s. net. 

WATERWORKS DISTRIBUTION. A Practical Guide to the 
Laying Out of Systems of distributing Mains for the Supply of 
Water to Cities and Towns. By J. M. McPherson, A.M.Inst. 
C.E. Fully illustrated by 19 Diagrams and 103 other Illustra- 
tions, together with a Large Chart of an Example District, 
showing the Details and general Outlines of Distribution. 

" The author has evidently a large practical experience of the subject on which he has 
written, and he has succeeded in compiling a book which is sure to take its place among the 
standard works on water supply."— The Surveyor. 

Crown tfo, cloth, $s. net. 

LECTURES TO PLUMBERS. By J. Wright Clarke, Lecturer 
on Plumbing at the Regent Street Polytechnic. Containing a 
large amount of valuable information on the Practice of 
Plumbers 7 work. Fully illustrated by upwards of 500 practical 
diagrams. 

/, Large §vo> cloth. $s. net. 

PRACTICAL SCIENCE FOR PLUMBERS AND ENGINEER- 
ING STUDENTS. ' By J. Wright Clarke. Containing 
a series of short chapters on Physics, Metals, Hydraulics, Heat, 
Temperature, &c, snowing their application to the problems of 
practical work. With about 200 illustrations. 

This work is indispensable to Plumbers and Hot-Water Fitters, &c 
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Crown &vo, cloth gilt. 2s. 6d. 
PUMPS: THEIR PRINCIPLES AND CONSTRUCTION. 
A Series of Lectures delivered at the Regent Street Polytechnic, 
London. By J. Wright Clarke, Author of "Plumbing 
Practice. With 73 Illustrations. 

Crown &vo, cloth gilt. 2s. 

HYDRAULIC RAMS, THEIR PRINCIPLES AND CON- 
STRUCTION. By J. Wright Clarke, Author of " Pumps," 
" Plumbing Practice," &c. With results of Experiments carried 
out by the Author at the Regent Street Polytechnic and in 
various parts of the Country. Illustrated by 36 diagrams. 

Royal Svo, cloth gilt. 15* net. 

CONDITIONS OF CONTRACT. A Work dealing with Condi- 
tions of Contracts and with Agreements as applied to Building 
Works, and with the Law generally in its relation to various 
matters coming within the scope of the Architectural Profession. 
By Frank W. Macey, Architect, Author of " Specifications in 
Detail. " Revised, as to the strictly legal matter, by B. J. Lever- 
son, Barrister-at-Law. 

PROFESSOR BANISTER FLETCHER'S VALUABLE TEXT. 
BOOKS FOR ARCHITECTS AND SURVEYORS. 

Arranged in Tabulated Form and fully indexed for ready reference. 

Crown &vo, cloth gilt. 7s. 6d. 

The most Complete, Concise, and Handy Work on the Subject. 

QUANTITIES. A Text-Book explanatory of the Best Methods 
adopted in the Measurement and Valuation of Builders' Work. 
7th Edition, revised throughout and much improved by H. 
Phillips Fletcher, F.R.I.B.A., F.S.I. With special chapters 
on Cubing, Priced Schedules, Grouping, the Law, &c, and 
a typical example of the complete Taking-ofl^ Abstracting, and 
Billing in all Trades. . Containing about 450 pages, with 10 
folding Plates and 100 other Diagrams in the Text. 

" It is no doubt the best work on the subject extant." — The Builder. 

" We compliment Mr. Phillips Fletcher on his revision, and on the accuracy of the book 
generally." — The Surveyor. 

" A safe, comprehensive, and concise text-book on an important technical subject. We 
imagine few surveyors' or architects' shelves will be without it."— British Architect. 

" One of the most complete works upon the subject. Of great assistance to students."— 7Vt* 
Builder's Journal. 

" A good treatise by a competent master of the subject.*'— The Building News. 

B. T. BATSFORD, 

PUBLISHER, 

94, High Hoi born, London. 
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PROFESSOR BANISTER FLETCHER'S VALUABLE TEXT- 
BOOKS FOR ARCHITECTS AND SURVEYORS. 

Arranged in Tabulated Form and fully indexed for ready reference. 

The New Editions, Revised and Brought up to Date 

By BANISTER F. FLETCHER, A.R.I.B.A., F.S.I., and 
H. PHILLIPS FLETCHER, F.R.I.B.A., F.S.I., Barrister-at-Law. 

Crown &vo, uniformly bound in cloth gilt. 6s. .6d. each. 

LONDON BUILDING ACTS, 1894-8. A Text-Book on the Law 
relating to Building in the Metropolis. Containing the Acts 
in exfcnsOy the By-I^aws and Regulations now in force., notes on 
the Acts, and reports of the principal cases. Third Edition, 
revised. Illustrated by 23 Coloured Plates. 

"It is the law of Building for London in one volume."— Architect* 
" Illustrated by a series of invaluable coloured plates, showing clearly the meaning of the 
various clauses as regards construction." — The Surveyor. 

DILAPIDATIONS. A Text-Book on the Law and Practice. 5th 
Edition, thoroughly revised and much Enlarged, with all the 
most recent Acts and Legal Decisions. 

"An excellent compendium on the law and practice on the subject."— Builder. 

LIGHT AND AIR. With Methods of Estimating Injuries, Reports 
of most recent Cases, &c. Illustrated by 27 Coloured Plates. 
4th Edition, revised to date and enlarged. 

" By far the most complete and practical text-book we have seen. In it will be found the 
cream of all the legal definitions and decisions."— Building New*. 

VALUATIONS AND COMPENSATIONS. A Text-Boolf on 
the Practice of Valuing Property, and the Law of Compen- 
sation in relation thereto. Second Edition, thoroughly revised 
and much enlarged. With an Appendix of Forms of Precedents 
and an extensive series of Valuation Tables. 

" Very useful to students preparing for the examination of the Surveyors' Institution."— 
Surveyor. 

" A complete guide to valuing land and houses for mortgage renting, or investment, as well 
as for making valuations, when lands and houses are taken under compulsory powers by public 
bodies or companies. The tables contained in the Appendix are especially valuable, and there is 
an exhaustive index."— Property Market Review. 

Crown &vo, cloth gilt. $s. 6d. 

ARBITRATIONS. Second Edition, revised in accordance with 
the Arbitration Act of 1889, and giving the Act in full With 
an Appendix, giving all the necessary Forms. 

" Especially useful to young surveyors as a compendium of the knowledge which professional 
experience gives in more concrete form and with infinite variety of detail." — The Surveyor. 

B. T. BATSFORD, Publisher, 94, High Holborn, London. 
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